


5. RESULTS & DISCUSSION

5.1. Characterization of PhySical Mixtures & Matrix
Tablets |

5.1.1. DRUG-EXCIPIENT INTERACTION STUDIES

The choice of the polymeric excipient is_of obvious importance to get the desired
release profile. To this aim, a compatible drug-excipient combination .is
nécessary. DSC thermograms indicated the qualitative composition of the drug
formulations and verified the identity of each of the components by their thermal
prope\rties. In addition, the-DSC is also carried out to understand the solid-state
interaction in tablets (Fassihi and Parker, 1986). Hence, the possibility of drug—
- excipient interaction was investigated by differential scanning calorimetry (DSC).
" The DSC thermograms of pure drug, individual excipients, drug—excipient
physical mixture (proportion same as the tablet composition) were recorded. To
evaluate the internal structure modifications after compression of physical
mixtures into tablet, tablet powder was also included in the study. The
thermogram of glipizide and nateglinide showed an endothermic peak
‘corresponding to the melting of the drug at 213.96°C and 139.11°C, respectively
indicated the crystalline anhydrous state of both the drugs. There was no peak '
(other than degradation exotherm at 330°C) observed for the non-crystaliine
HPMC, while for the semi-crystalline rhicrocrystalline cellulose, a minor broad
peak at 90°C and a small endothermic peak at 326.7°C was seen. Carbopol
~ 931P showed a small moisture peak at 68.32°C and main broad endothermic
peak at 271.5°C, which was typical of amorphous hydrated substances. Similar
findings have been reported by other researchers also (Gomez-Carracedo et al.,
2004). EC 7 FP Premium display a large exothermic peaks at 190°C and 383°C |
which resulted from the oxidative degradation. of the polymer. Guyot and
Sabcgez-Lafyebte have observed similar results in their studies (Guyot and -
Fawaz, 1998; 'Sanchez-Lafuénte et al.,, 2002). Eudragit L 100 had a broad
endothermic peak at 220.7°C corresponding to the glass transition of the
polymer. Xanthan gum, a polysaccharide resulted in minor thermal transition at
286.2°C. The probable reason may be due to thermal scission of the carboxylate
groups and evolution of CO, from the corresponding carbohydrate backbone
(Zohuriaan and Shokrolahi, 2004). Starch 1500 gave two endothermic peaks, one
- at about 70-80°C dué to gelation in the presence of moisture and the other at
265°C (Ferraria et al., 1997; Kapusniak and Siemion, 2007) corresponded to the
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Figure .1. DSC thermograms of drug, individual excipient, physical mixture, and tablet
powder for M-3 (HPMC K4M:MCC PH301 at 25:75) formulation.

thermal decomposition. Sodium alginate showed degradation exotherm at
251.2°C whereas carrageenan resulted in exothermic peak at 261.3°C and
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degradation peak at 344°C. The thermogram of the Cationic chitosan polymer
exhibited an endothermic peak at about 94°C that has been attributed to the -
evaporation of absorbed water. The exothermic baseline deviation started after
250°C indicated the onset of chitosan degradation (Khalid et al.;, 2002). Two
endothermic peaks at 87°C and 102°C were observed for magnesium stearate.

‘In fact, glipizide or nateglinide crystallinity peaks were evident in the physical
mixtures of all combination batches without any shift in the endotherms indicated
the compatibility of both the drugs with all the polymers used in the study. The
DSC curves for excipients, - physical mixture, and tablet powder for M-3
formulation has been shown in Figure 5.1. Physical mixture showed simple
superposition of their separated component DSC curves. According to the DSC
findings of the matrix tablet powders, no major thermal event corresponding to
chemical interaction was observed. Similar observations were obtained with all
other optimized matrix tablets of glipizide and nateglinide, hence were not shown.
The negligible shift of the individual components in the tablet powder may be as a
consequence of mechanical treatment of the sample during compression, owing
to the more "intimate contact between the components, as well as the finer
dispersion of the drug into the amorphous matrix of the polymer without suffering
any chemical interaction or degradation process. Hence, it indicated the absence .
of any drug-excipient interaction or complex occurred during the manufacturing of
all matrix studied. All these confirmed the suitability of all e)kcipients with both the
dfugs to prepare controlled-release inert matrices.

'5.1.2, CHARACTERIZATION OF PHYSICAL MIXTURE

Before tabletting, the powder mixture was checked for its ability to flow and
~ compress so that the tablets of desired characteristic can be obtained. The
compressibility index is a measure of the propensity of a powder to consolidate.
According to the literature data (Wells and Aulton, 1988; Wells, 1997), powders
with a compressibility index (1.) between 5 to 18% are suitable for producing

“tablets, and those with a Hausner ratio (R, ) below 1.25, and angle of repose (&)

between 20° to 42° are of good flowability (lovs}er angle of repose indicate better
flow). All studied powder blends, except few cases, were free flowing and suitable
for compression as demonstrated by the values of /, between 5.82 to 17.11, R,

in the range of 0.87-1.25, and angle‘of repose within 26.8° to 39.2°. These are
important characteristics for a potential direct compression mixtures (Steendam
and Lerk, 1998). For few systems, both I, and R, were beyond the range, thus

not suitable for compression into tablets, and discussed in relevant subsequence
sections. ' ‘
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5.1.3. CHARACTERIZATION OF MATRIX TABLETS

The results indicated that all the tablets prepared in this study meet the USP 29
requirements for weight variation tolerance (USP 29 - NF 24, 2006). Drug content
of all tablet formulations were found in the range of 98.0 to 102.0%. The
thicknesses, diameters, and hardness variation of the individual tablet batches
were within 3 SD. Tablets of the same batch showed consistent dissolution
behavior with small standard deviations in the subsequent dissolution studies.

5.2. Analytical Method development

5.2.1. ESTIMATION OF GLIPIZIDE (SPECTROSCOPIC METHOD)

For the spectroscopic method, a standard curve was plotted in phosphate buffer
pH 6.8 at 276 nm and regression equation was calculated as y=0.0166x+0.0093,
in which x is the concentration (ug mi™"), and y is the absorbance. The method ‘
was found linear within the analytical range of 1-50 pg mi”" with regression co- .
efficient 7 of 0.9997.

5.2.2. ESTIMATION OF NATEGLINIDE (SPECTROSCOPIC METHOD)
Spectroscopic estimation “of nateglinide was carried out in phosphate buffer pH.
6.8 at 210 nm and regression equation was found to be y=0.0326x-0.0087, where
x is the concentration (ug ml™), and y is the absorbance. The method was linear
over an analytical range of 1-50 pg mI™ with regression co-efficient /? of 0.9991.

5.2.3. ESTIMATION OF GLIPIZIDE (HPLC METHOD)

A sensitive, fast and novel chromatographic method for the determination of
glipizide in rabbit plasma was optimized and validated.

5.2.3.1. Optimization of Chromatographic Conditions
5.2.3.1.1. Effect of Mobile Phase pH
The pH was varied (2, 3, and 4) to achieve the satisfactory separation and

quantitation, at fixed mobile phase composition (ACN:PBS; 70:30 viv) and flow
rate of 1 mi/min. Figure 5.2 shows the observed chromatographic responses as a
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Figure .2. Effect of mobile phase pH (2, 3, 4) on (A) resolution, retention time, theoretical
plates, and asymmetry; and on (B) chromatograms at mobile phase composition of 70:30
(ACN:PBS; v/v) and flow rate of 1.0 mi/min. Insert graph shows UV spectra of glipizide
and gliclazide.

- function of pH. It is obvious from the figure that as pH of the mobile phase

increases; retention time increases and thereby results in similar pattern for
resolution between glipizide and IS also. Similarly, as pH increases, the peak
tailing increases thus increase in the asymmetry values of the peaks were

- Section il Results & Discussion

141



UuoIsSSnasic] 9 s)nsey i1 uonoss crl

19¢0'0  1.€9°) g8vee  OVZ00 0¥L'0 ¢GLL°0 89CL'0 2Z690°C GoL6°0 [

S6200 Zgvy'h  YEELT 80800 895L0  8€8LO  LIELO /8ySE  oeve0 | St
0¥20'0  €98¥'L  696Z€  0SOL'0  S80Z'0  GL¥20  86/L°0 €€65%  0690°L 80
) . . } . . . . . . (A/A)
18200 69vLL  BYLO'E L6010 2ZIZO  [8VC0 G810 EOLEH  EWWOL  OZ0B  youcoduen ]
€200 Tevk'L  veELT  8080°0  89GL0  8E8L'0  LJELO  [8YSE  O6Y60  OE0L eseyd
GOS0 0989'h.  €820°C  /ZOL0 6020 ELYZ0  /9LL'O  €BEG'T 82660 0¥:09 sjiqow
€600 26G9L  LZSL'€ L0 vZLL0 €020  GESLO  8096'C 88560 ¥ IQ%MM%_
G200  ZZy¥'L  YBELT 80800 89S0 8EBL'O  LJEL0 - /SYS'E  O6Y60 € oseyd *
z olIq0N

09200 sS¥ev'L b16L¢ 418070 L2910 /9610 86ELO0  GBCPEC 0vL60

.po:mE.;wm mn._N_m_a o} w.hm“mwcmpmmuo_ummgmoumﬁo‘_co w:wtm\, uo wwEv Boc, vnm ‘uoiyisodwoo .La ow,mca m_BoE JleRtr:1Tt= RIRE-111-7]



observed However the number of theoretlcal plates. reached its maximum level
at pH 3 (as compared. to pH of 2 and 4). Other important ‘chromatographic
parameters such as peak width, capacity factor, separation factor and HETP at
different pH are enumerated in Table 5.1. Based on the importance of the
different performance parameters of the method, pH 3 was found to be optimum
“and further optimization was carried out at this pH. :

The dissociation constant (pK,) of ghpmde is ~5.9. According to thls value,
degree of ionization increases with increase.in pH. The retention time for glipizide
could have decreased with using octadecylsilane (ODS, C4g) column because of
the less interaction between drug and Css under ionized condition with increase in
pH. Howevér, the mobile phase contained 70% ACN which does not have much
affinity for the ionized hydrophilic drug species and elutes them later. This could
be the probable reason for the delay of retention time for glipizide with increase in
pH." The same can be the reason for increasing the asymmetry value with
increase in pH Value also. The IS,(gliclazide, pKa ~5.98) has the same reason for
~ delay in, retention time. Thus delay in retention time of both glipizide and 1S,
-results in better resolution (due to increased distance between the adjacent
' peaks) The plate number is expected to be increased with increase in retention
~ time because it is directly proportional to the same. However plate number is
also inversely proportional function of peak  width (may be due to
" asymmetry/tailing). Thus the maximum plate number at pH 3 is indicative of
optimum balance between retention time and asymmetry value.

5.2.3.1.2.  Effect of Mobile Phase Composition

To study the effect of mobile phase composition on the chromatographic
responses, the ACN:PBS ratio was varied from 60:40, 70:30, to 80:20 viv at the
~ pH of 3 and flow rate of 1 mi/min. As shown in Figure 5.3, the retention time was
minimum at 70:30 v/v mobile phase composition, a one of the favorable criterion
for the rapid and cost effective method. Even with the least retention time, the
highest theoretical plates (>10000) and enough resolution (>7) and good peak
shape was achieved. Values of other chromatographic parameters at different
~ mobile phase composition are depicted in Table 5.1 for comparative study.
Generally, increasing the organic solvent concentration in. the mobile phase
induces a decrease in the distance between the solute molecule and the terrhinal
carbon atoms (C4s) in the ODS ligand, and it results in lower retention time (Ban .
and Kiyokatsu, 2001). Similar findings were observed in the present study up to
~ 70:30 viv composition, but further increase in ACN content resulted in increased-
retention time. This may be explained by following. The elution power of mobile
phase decreased at 60:40 v/v because relative amount of ACN decreased and
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Figure .3. Effect of mobile phase composition (ACN:PBS, 60:40, '70:30, 80:20) on (A)
resolution, retention time, theoretical plates, and asymmetry, and on (B) chromatograms
at pH 3 and flow rate of 1.0 mi/min.

glipizide was eluted at higher retention time. In contrast to this at 80:20 v/v
composition, the relative concentration of PBS decreased significantly and there
was no sufficient buffer capacity to keep the fraction of drug in ionized form. Thus
there was tremendous increase of unionized species which will strongly interact
with stationary phase and result in delayed retention time with broad peak.
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~

However, at 70:30 v/v composition, proper balance was attained between these
two situations and resulted in least retention time. The continuous decrease in
asymmetry value with decrease in PBS content of mobile phase composition can
be explained by progressively decrease in ionized species (which is directly
proportional to PBS content). The presence of only unionized species gives
symmetric peak compare to a combination of ionized and unionized species. The
peak width at 60:40 and 80:20 were more due. to asymmetry and strong
interaction of unionized species with stationary phase (as explained above),
respectively. fhus, the plate number at 70:30 composition of ACN:PBS was
maximum.

5.2.3.1.3.  Effect of Mobile Phase flow rate.

~ From Figure 5.4(A and B), it can be observed that theoretical plates were highest
_ at flow rate of 1 ml/min. The asymmetry and retention time decreased as the flow
rate increased. The values of capacity factor, and separation factor (Table 5.1)
also indicate optimum flow rate of 1 mi/min.

At flow rate of 1.2 ml/min, due to higher mobile phase flux, the solute is eluted
faster without proper partition and resulted in asymmetric broad peak. Whereas
the flow rate of 0.8 mi/min gives solute sufficient time to partition with stationary
phase and result in most symmetric peak but with delayed retention time. Thus,
at flow rate of 1.0 mi/min, there was an optimum balance between retention time
and peak width and resulted in maximum plate number. '

5.2.3.2. Proposed Chromatographic Method

"~ Looking at the different chromatoéraphic parameters during the method
development, the finally recommended mobile phase consisted of ACN:PBS of
70:30 v/v adjusted to pH 3. The best resolution and sensitivity of the method was
obtained at 225 nm and at flow rate of 1 ml/min. Typical chromatogram at the
optimized condition gave sharp and symmetric peak with retention time of 3.5
and 4.7 min for glipizide and IS, respectively. Thus, within very short time the
system became ready for the next sample injection without the need for
. additional wash time. '
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5.2.3.3. Validation of the Proposed Method
5.2.3.3.1.  Calibration Curve (Linearity)

Nine calibration standards prepared by spiking the blank plasma with glipizide
and IS were chromatographed at the optimized condition. When the peak area
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Figure .4. Effect of mobile phase flow rate (0.8, 1.0, 1.2 mi/min) on (A) resolution,
retention time, theoretical plates, and asymmetry; and on (B) chromatograms at mobile
phase composition of 70:30 (ACN:PBS) and pH 3. '

.
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ratios of glipizide to IS wergéﬂ plotted against the. respective glipizide
concentrations, an excellent linearity was achieved with correlation coefficients of
0.9944 over an analytical range -of ‘10 to 2500 ng/ml. The linear regression
equation-was calculated by the least squares method usmg Microsoft Excel®
program and summarized in Table 5.2.

The variance of response variable $2_, was calculated to be 49.73, indicates low

variability between the estimated and calculated values. This further confirms
negligible scattering of the experimental data points around the line of regression

and good sensitivity of .th,é> proposed method. The variance ‘qf slope (S;) and

intercept (Sj)‘\&ere obtaiﬁed as 8.25 and 10.37, respectively. The calculated

value for slope and intercept were reported in Table 5.2 and were less than
tabulated t-values. This shows that the intercept is not significantly different from
zero, indicating no interference in the estimations. Further the slope and lntercept
were within the confidence interval.

" Table .2. Spectral and statistical 'd’ata for determination of glipizide by proposed HPLC
method ‘

W‘Absorbtxon maxima, Xmax (hm) . 225

Linearity range (ng ml™) = 10 - 2500
Coefficient of determination (%) - 0.9944
Correlation coefficient (r) : 0.9972 »
Regression equation (Y?) _ - ¥=59.8925 x + 3.4306
Slope (b) ' 59.8925 ‘
feal” ' 0.7519 ‘
Confidence interval® o 53.1141 t0 66.6709
!ntercept (a) ‘ 3.4306
teal ‘ - 1.0654
: Confidence interval® - -4.1687 to 11.0299
Limit of Detection, LoD (ng mi™") 2.6409
Limit of Quantitation, LoQ (ng mI'") 8.8030

. ? Y=a+bx, where x is the concentration (ug/mi).
b, =236 for 95% two sided confidence interval for 7 degrees of freedom.
° Confidence interval was calculated at 95% two sided t value for 7 degrees of freedom.

5.2.3.3.2.  Accuracy and Precision

Accuracy data in the present study ranged from 99.12 to 100.03% (Table 5.3)
indicates that there was no interference from endogenous plasma“components.
Inter-day as well as intra-day replicate‘s of glipizide, gave an SD below 10.74
(should be less than 15 according to CDER guidance for Bio-analytical Method
~ Validation (US FDA CDER Guidance for the Industry, 2001)), revealed that the

Section Ill Results & Discussion . 147



proposed method is highly precise. Accuracy of the method was evaluated by
using t-test at four different concentration levels within an analytical range. The
tap value for significance at 5% level at 5 degrees of freedom is 2.57(for intra-day)
and that for 2 degrees of freedom is 4.30. The £y values obtained at each
concentration level is shown in Table 5.3 and are well below f., values. Thus no
significant difference was observed between the amounts of drug added and
recovered. Overall, the data summarized in Table 5.3, enables the conclusion
that an excellent accuracy and high precision was obtained.

Table .3. Summary of inter-day (n=3) and intra-day {n=6) precision and accuracy of the
method in rabbit plasma

oncentr
_.(ng/mh)- “found® (ng/mh) > = o 0
Inter-day (n=3) (,,, =4.30 for n—1=2)
10 10.00 0.20 1.99 100.03 0.03 10+0.29
500 496.74 5.86 1.18 99.35 0.96 500+8.70
1000 993.96 8.04 0.81 99.40 1.29 1000x11.93
2500 2498.55 4.44 0.18 99.94 0.56  250016.59
Intra-day (n=6) (t,,, =2.57 for n—1=5)
10 10.02 0.15 154 100.18 0.29 10+0.16
500 495.62 6.11 1.23 99.12 1.74 50016.41
1000 984 47 6.87 0.69 99.45 1.96 1000£7.20
2500 2491.45 10.74 0.43 99.66 1.94 2500+11.27

Average of three and six determinations at three concentration levels for inter-day
and intra-day respectively. -
All the mean accuracies were calculated against their nominal concentrations.
. 100—R|n
ly=——"——,Wwhere ¢,
RSD

and R is mean accuracy. Tabulated ¢ (tmb) value for 95% two sided confidence

is the calculated ¢ value, n is the number of replicates,A

interval for 5 and 2 degree of freedom were 2.57 and 4.30, respectively.
5.2.3.3.3.. Sensitivity
The LoD and LoQ were found to be 2.64 and 8.80 ng/ml, respectively. When this

method is applied to plasma samples, its sensitivity was found to be adequate for
pharmacokinetic studies.
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5.23.34. Selectivity

Any potential interference (overlapping peaks) due to plasma endogenous
components were within 1.5 — 3.0 min only (Figure 5.5), later on there was no
significant interference from blank plasma that affected the response of glipizide
and IS.

5.2.3.3.5.  Stability

Sample solution injected over a period of 1 month did not suffer any appreciable
changes in assay value and meet the criterion mentioned above. Hence, the
samples were stable during one month when stored at — 20°C until analysis.

5.2.3.3.6.  Extraction efficiency

Extraction efficiency represents the effectiveness of the extraction step and the
accuracy of the proposed method. As shown in Table 5.4, extraction efficiency of
glipizide from rabbit plasma samples was satisfactorily ranged from 97.34 to
98.73%, which confirn no interference effects due to plasma components
throughout the range studied. Récdve’ry of IS was consistent with the accuracy of
98.69% and RSD of 1.77% (n = 6). o

Table 5.4. Extraction efficiency of GPZ from rabbit plasma at Varipus concentrations.

-2 Theoretical’ . o e e

~*’Concentration a Pyl " RSD
50 1.99
500 . 1.562
1000 . . 1.21
2000 1951.2 97.56 0.97

 Average of six determinations.

5.2.3.4. Pharmacokinetic Analysis of Glipizide from Rabbits

After glipizide oral solution administration, the drug plasma concentrations were
monitored for 24 h and shown in Figure 5.6. However, glipizide plasma profile
following oral solution after 12 h was below LoQ and. hence the same for 16, 20,
and 24 h were extrapolated using 4-e*', where A is the intercept of the terminal
elimination regression line of the In(concentration) vs. time profile. The mean
glipizide pharmacokinetic parameters for oral solution are summarized in Table
5.5. The results were calculated by non-compartmental analysis. The rapid
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Figure 5.5. (A) Representative chromatograms of blank plasma and the same spiked
with 2500 ng/mi of both glipizide and gliclazide (IS). (B) Plasma sample taken from a
rabbit 12 h after a 1.87 mg oral dose of glipizide (quantitated to be 138.39 ng/mi) spiked
with 2500 ng/mi IS.
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decrease in glipizide concentration after oral solution administration reflects the

fast disposition and elimination of the drug. V\J

Vi

——==C_Concentration vs. time
—0— Ln (concentration) vs. time
——————— Elimination regression line
—————— Residual absorption regression line
In Cp= -0.2616-f + 6.5115 R2 = 0.9917
In(residual) = -0.5858 t + 6.4852 R2 = 0.9765

Ln (Concentration)
Concentration (ng/ml)

Time (h)
Figure 5.6. Mean plasma glipizide concentration vs. time profile after administration of
single dose of oral solution.

Table 5.5. Pharmacokinetic parameters of glipizide after administration of single dose of
oral solution.

Sr. .
Pharmacokinetic parameters Observed

No. value
1 Absorption rate constant, ka (hi) 0.59

2 Elimination rate constant, kei (Iv) 0.26

3  Time required for maximum plasma concentration, Tmax (h) 1.0

4 Maximum plasma concentration, Cma* (ng/ml) 499.41
5 Plasma half life, 7>2 (h) 2.65

6  Area under curve at 12 hours, AUC"12) (ng-h/ml) 2282.68
7 Area under curve from 12 hours to », AL/Qi2—o0) (Ng-h/ml) 4.83

8  Area under curve at infinite time, AUC(0"°°) (ng-h/ml) 2287.51
9 Area under momentum curve at 12 h, AUMC(0"™12) (ng-h2/ml) 9608.28
10 Volume of distribution, Vd (lit) 3.45
11  Mean residence time, MRT (h) 421
12 Total clearance rate, TCR (I/h) 1.31
13 Clearance, Cl (ml-h‘1) 0.82
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5.2.4. ESTIMATION OF NATEGLINIDE (HPLC METHOD)

Rapid, sensitive and novel HPLC method for determination of nateglinide in rabbit
plasma was optimized and validated.

5.2.4.1. Optimization of Chromatographic Conditions
5.2.4.1.1. Effect of Mobile Phase pH

With the aim of the optimization of mobile phase pH (2, 3, and 4), the remaining
two factors were kept constant i.e. mobile phase composition (ACN: PBS; 70:30
v/v) and flow rate of 1 ml/min. Observed chromatographic responses were plotted
against respective pH. As shown in the Figure 5.7 (A), retention time increases
with the increase in pH while asymmetry decreases. The number of theoretical
plates as well as resolution between nateglinide and IS was maximum at pH 3.
Moreover, the changes in peak width, capacity factor, separation factor and
HETP are enumerated in Table 5.6. Looking at the importance of the different
chromatographic parameters, pH 3 was found to be optimum. Figure 5.7 (B)
shows the chromatograms at different pH and mobile phase composition of 70:30
(ACN:PBS; v/v) and flow rate of 1.0 mi/min. S

The dissociation constant (pK.) of nateglinide is ~3.1 at (21-24°C). According to
this value, ~90%, ~50%, and ~10% of the drug will be unionized at pH 2, 3, and 4
respectively. As the pH increased, the retention time for ‘nateglin'i‘de could have
decreased with using octadecylsilane (ODS, Cig) column because of the less
interaction between drug and Cig under ionized condition with increase in pH.
However, the mobile phase contained 70% ACN which does not have much
affinity for the ionized hydrophilic drug species. This could be the probable
reason for the delay of retention time for nateglinide with increase in pH. The
asymmetry value decreases with increase in pH. At lower pH the nateglinide will
be carried out faster with mobile phase, however due to highér unionized
species, the drug has a tendency to stick/partition with stationary phase too. This
result in tailing and hence increase in asymmetry value at lower pH. At higher pH
value, the ionized hydrophilic species are not much portioned with stationary
phase and hence gives symmetric peak. The resolution was poor at pH 4 using
gliclazide as an IS, but was highest at pH 3. Similarly, the plate number (highest
for higher retention time and smallest peak width) was highest at pH 3. Thus, the
best chromatographic separation was achieved at pH 3, and hence was
considered to be optimum.
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5.2.4.1.2.  Effect of Mobile Phase Composition

The effect of mobile phase composition (i.e. ratio of ACN:PBS was studied at
60:40, 70:30, and 80:20 v/v levels) at pH 3 and the flow rate of 1 ml/min is shown
in Figure 5.8. Minimum retention times of nateglinide and IS were obtained at
70:30 v/v level, which makes the method rapid, a one of the most desirable
criteria. Though retention time was shorter, satisfactory resolution and asymmetry
values were achieved. An adequate theoretical plates (~ 12000) is indicative of a
good column performance. As can be seen from Figure 5.8, the asymmetry was
>1.5 at 80:20 v/v and still higher at 60:40 v/v which indicates tailing of the peaks,
but was < 1.4 at 70:30 v/v. Other chromatographic parameters at different
composition of mobile phase are listed in Table 5.6.

Generally, increasing the organic solvent concentration in the mobile phase
induces a decrease in the distance between the solute molecule and the terminal
carbon atoms (Cyg) in the ODS ligand, and it results in lower retention time (Ban
and Kiyokatsu, 2001). Similar findings were observed in the present study up to
70:30 v/v composition, but further increase in ACN content resulted in increased
retention time. This may be explained by following. The elution power of mobile
phase decreased at 60:40 v/v because relative amount of ACN decreased and
nateglinide was eluted at higher retention time. In contrast to this at 80:20 v/v
composition, the drug affinity to stationary phase increased due to relatively lower
buffer content in mobile phase and resulted in delayed elution. However, at 70:30
v/v composition, proper balance was attained between these two situations and
resulted in least retention time. The least asymmetry at 70:30 compared to other
two compositions can be explained on the same basis. Plate number increased
with increase in ACN composition in mobile phase. However, the asymmetry
value at 80:20 v/v was higher than that of at 70:30 v/v. These suggest that the
increased plates at 80:20 v/v was due to higher retention time value (even though
it had greater peak width due to tailing). Further, acceptable resolution (> 2) was
achieved at 70:30 v/v composition and so was considered to be optimum.

5.24.1.3. Effect of Mobile Phase Flow Rate

From Figure 5.9(A and B), it can be observed that theoretical plates were highest
at flow rate of 1 mi/min with asymmetry of less than 1.5. The change in flow rate
had no significant effect on resolution while retention time decreased as the flow
rate increased. The values of capacity factor, and separation factor (Table 5.6)
also indicate optimum flow rate of 1 ml/min. ‘
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5.2.4.2, Proposed Chromatographic Method
Looking at the different chromatographic parameters during the method

development, the finally recommended mobile phase consisted of ACN: 10 mM
PBS of 70:30 v/v adjusted to pH 3. The best resolution and sensitivity of the
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method was obtained at 203 nm arid mobile phase flow rate of 1 ml/min. Typical
chromatogram at the optimized condition gave sharp and symmetric peak with
retention time of 4.7 and 5.7 min for IS and nateglinide, respectively. Thus within
very short time the system became ready for the next sample injection without
the need for additional wash time.
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Figure 5.9. Effect of mobile phase flow rate (0.8, 1.0, 1.2 mi/min} on (A) resolution,
retention time, theoretical plates, and asymmetry; and on (B) chromatograms at mobile
phase composition of 70:30 (ACN:PBS) and pH 3.
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' 5243 Validation of the Proposed Method
5.24.3.1.  Calibration Curve (Linearity)

Calibration curve (peak area ratio of nateglinide to IS versus nateglinide
concentration) in plasma was constructed by spiking six different concentrations
of nateglinide and fixed concentration of 1S. The chromatographic responses
were found to be linear over an analytical range of 10 to 2500 ng/mi and found to
be quite satisfactory and reproducible with time. The linear regression equation
was calculated by the least squares method using Microsoft Excel® program and
summarized in Table 5.7. The correlation coefficient equals 0.9984, indicating a
strong linear relationship between the variables.

Table 5.7. Spectral and statistical data for determination of nateglinide by proposed
HPLC method.

Absorption maxima, xmax (nm) 203
Linearity range (ng mi™') 10 - 2500
Coefficient of determination (®) .  0.9969
Correlation coefficient (r) ~0.9984 -
Regression equation (Y?) ' Y=0.4186 + 3.9768-x .
Slope (b) _ ~ 3.9768
teal” S 0.3799
Confidence interval® e 2.4007 to 5.5529
Intercept (a) 0.4186
toal® ~ 0.6310
Confidence interval® -1.2864 to 2.1236
Limit of Detection, LoD (ng mi™") 2.91
Limit of Quantitation, LoQ (ng mI'™") 9.70

# Y=a+bx, where x is the concentration (ug/mi).
b 1.4 =2.57 for 95% two sided confidence interval for 5 degrees of freedom.

° Confidence interval was calculated at 95% two sided t value for 5 degrees of freedom

The variance of response variable S._ calculated was 1.9634, indicates low

variability between the estimated and calculated values. This further confirms
negligible scattering of the experimental data points around the line of regression

and good sensitivity of the proposed method. The variance .of slope (S’) and
intercept (S?) were obtained as 0.3761 and 0.4401, respectively. The calculated

t-value for slope and intercept were reported in Table 5.7 and were less than
tabulated t-values. This shows that the intercept is not significantly different from
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zero, indicating no interference in the estimations. Further the slope and intercept
were within the confidence interval.

5.2.4.3.2.  Accuracy and Precision

Accuracy data in the present study ranged from 98.59 to 99.76% (Table 5.8)
indicates that there was no interference from endogenous plasma components.
Inter-day as well as intra-day replicates of nateglinide, gave an SD below 11.79
(should be less than 15 according to CDER guidance for Bio-analytical Method
Validation (US FDA CDER Guidance for the Industry, 2001)), revealed that the
proposed method is highly precise. Accuracy of the method was evaluated by
using ttest at four concentration levels including the lowest quantifiable level.
The t-values obtained for 10, 500, 1000, and 2500 ng/mi were 0.66, 2.17, 1.39,
and 0.96 for inter-day whereas 0.74, 1.17, 1.64, and 1.22 for intra-day,
respectively. The t-value required for significance at 5% level at 5 degrees of
freedom is 2.57, and the obtained values were well below this value. Thus no
significant difference was observed between the amounts of drug added and
recovered. Overall, the data summarized in Table 5.8, enables the conclusion
that an excellent accuracy and high precision was obtained.

Table 5.8. Summary of inter-day (n=3) and intra-day (n=6) precision and accuracy of the

" interval (C)

lriter-day (n=3) r

10 9.95 0.13 1.31 9950 0.66 10+0.19
500 - 492.93 5.57 1.13 19859 217 500+8.26
1000 993.23 8.40 0.85 99.32 1.39 1000+12.47
2500 2493.68 1138  0.46 99.75 0.96 2500+16.88
Intra-day (n=6).
10 9.96 0.13 1.32 99.60 0.74 10+0.14
500 497.19 5.85 1.18 99.44 1.17 500+6.13
1000 995.21 7.12 0.72 99.52 1.64 1000+7.47
2500 2494.11 11.79 0.47 99.76 1.22 2500+12.37

Average of three and six determinations at three concentration levels for inter-day

and intra-day respectively. '

All the mean accuracies were calculated against their nominal concentrations.
100 R|/n ‘ _

¢ty r‘L—]—{—S‘l}l‘_’ where ¢, is the calculated ¢ value, » is the number of replicates,

and R is mean accuracy. Tabuiated t value for 95% two sided confidence interval for
5 degree of freedom was (#,,, =)2.57.
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5.2.4.33.  Sensitivity

The LoD and LoQ were found to be 2.91 and 9.70 ng/ml, respectively. When this
method is applied to plasma samples, its sensitivity was found to be adequate for
pharmacokinetic studies.

5.2.4.3.4. Specificity

Any potential interference (overlapping peaks) due to plasma endogenous
components were within 2-4 min only (Figure 5.10), later on there was no
significant interference from blank -plasma that affected the response of
nateglinide and IS. ‘

10 . -
] —— Plasma sample containing
; nateglinide with spiked IS
8 i 7 —— Blank plasma
] 8
- -
$ b
6 Q ng
R © =
] b=t 3
- 2
: i —
= 1 B
£ 4
j o
2
k=
D
[
T
M

e

Time (min)
Figure 5.10. Representative chromatograms of blank plasma and clinical plasma sample
taken from a rabbit 30 min after a 15mg oral dose of NTG (quantitated to be 26.42 ng/ml)
spiked with IS.
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5.2.4.3.5.  Stability

Sample solution injected over a period of 1 month did not suffer any appreciable
changes in assay value and meet the criterion mentioned above. Hence, the
samples were stable during one month. ‘

5.2.4.3.6.  Extraction Efficiency

Extraction efficiency was performed to verify the effectiveness of the extraction
step and the accuracy of the proposed method. As shown in Table 5.9, extraction
efficiency of nateglinide from rabbit plasma samples was satisfactorily ranged
from 97.86 to 98.62%, which confirm no interference effects due to plasma
compbnents. Recovery of IS was found to be 98.42% (% RSD = 1.47).

2000 1962.80 98:14 1.76

# Average of six determinations.
5.2.4.3.7.  System Suitability

System suitability tests, an integral part of a chromatographic analysis is used to
verify that the resolution and reproducibility of the chromatographic system are
adequate for the analysis (Meyyanathan et al., 2004). A system suitability test
+according to USP was performed on the chromatograms obtained from standard
and test solutions to check different above mentioned parameters and the results
obtained from six replicate injections of the standard solution are summarized in
the Table 5.10. '

Table 5.10. System suitability parameters.

|'Sr.No. . .~ Parameter: iteglinide” " . Gliclazide (1S)™
o1 Retention time, R: (min) 5.70 468
2 Area (mAU-s) 10.680 11.023
4 Capacity Factor (k) , 5.0246 3.9210
5  Separation Factor («) 0.7804 -
6 Theoretical plates (USP) 13259 13353
7 HETP (h) - 0.0018 0.0019
8 Resolution (Rg) 5.3816 -
9 Asymmetry (Ag) 1.3721 1.1988
10 RSD (%) 1.43 1.38

 Average of six determination.
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5.2.4.4. Pharmacokinetic Analysi$ of Nateglinide from Rabbits

The developed method was applied to quantify nateglinide concentration in
pharmacokinetic study carried out on rabbits. HPLC chromatogram of rabbit
plasma is shown in Figure 5.10, which shows typical chromatograms of blank
rabbit plasma and nateglinide in plasma after 30 min of drug -administration.
Representative mean plasma concentrations versus time profiles following a
single oral administration of nateglinide to three rabbits are presented in Figure
5.11, it shows the natural log concentration versus time plot along with trendline
for absorption and elimination rate constants. Various other pharmacokinetic
parameters have been summarized in Table 5.11. The Tmax and Ty, of nateglinide
in the present study was similar, although the intake doses were different from
those reported in literature (Freedom of Information, US FDA CDER, 2000).

8 200

In(residual) = -1.5422-t + 6.6615 R® = 0.9907 |

" In Cp= -0.534-t + 6.4089 R? = 0.9987 |

(' —O— Ln (concentration) vs. time
6 - —— Elimination regression line L 150
= ——— Residual absorption regression line | E
2 —&— Concentration vs. time E’
£ -
c I (<}
@ 4 4 - 100 %=
" %
0 &
~ (3]
= £
g - 5]
5 50 ©

0 (,. T T T T T T T T «-.5‘ O
0 2 4 6 8 10 12

Time (h)
Figure 5.11. Representative mean plasma concentrations versus time profile following a

single oral administration of nateglinide (15 mg) to three rabbits. Natural .log plasma
concentrations versus time profile for determination of k; and k. were also shown.
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Table 5.11. Pharmacokinetic parameters of nateglinide after administration of single oral
dose. '

No
1 Absorption rate constant, k, (h™) , 1.54
2  Elimination rate constant, kg (h™) 0.53
3 Time required for maximum plasma concentration, Tmax (h) 1.38
4  Maximum plasma concentration, Cnax (ng/ml) 183.5
5  Plasma half life, Ty (h) 1.30
6 Area under curve at 12 hours, AUC-13 (ng-h/mi) ‘ 616.29
7  Areaunder curve from 12 hours to o, AUC12-) (ng-h/ml) 243
8  Areaunder curve at infinite time, AUC(o».,m) (ng-h/mi) 618.72
9  Area under momentum curve at 12 h, AUMC g—12) (ng-h%/ml) 1793.81
10 Volume of distribution, Vy (lit) 40
11 Mean residence time, MRT (h) A - 2.91
12 Total clearance rate, TCR (I/h) : 0.02
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6. GLIPIZIDE MATRICES

Formulation compositions ?affect drug release rates from prepared matrices by
polymer-excipients lnleraclions, drug-polymer interaction, as well as modulating
matrix- swelling and erosion rates as water penetrates the matrix. Thus, to
understand the functional contr;butlon of each pharmaceutlcal excipient to the
different polymer based matnces dissolution studies were performed and the
results are discussed below. For all glipizide matrices, theoretical content of
~ glipizide, srlrcon dioxide and magnesium stearate per tablet was 10 1, and 2 mg,
respectlvely ' '

6.1. HPMC-MCC-Starch Matricee |

Hydroxypropylmethylcellulose (HPMC) is propylene glycol ether of

methyicellulose. In oral products, HPMC is primarily used as a tablet binder, in
film-coating, ‘and as a matrix for use in extended-release tablet formulations
(Hogan, 1989; Shah et al., 1989; Wilson and Cuff, 1989; Dahl et al., 1990).
Mlcrocrystalhne cellulose (MCC) is partlally depolymenzed cellulose in a porous
partlcles form prepared by treating a-cellulose with mineral acrds MCC is widely

used in pharmaceutrcals, primarily as a binder/diluent in oral },tablet and capsule

formulations where it is used in both wet-gfanulation and' direct-compression

prOcesses (Enézia’n 1972 Lerk and Bolhuis, 1973; Lerk et al., 1974; Lamberson -
and Raynor, 1976; Lerk et al., 1979; Chilamkurti et al., 1982) ‘In vitro’ release

profile for matnoes prepared with different grades of HPMC MCC and starch
1500 or lactose at different polymer levels and compressron force are shown
, graphrcally in Frgure 6.1 to: Flgure 6.7. . '

6.1.1. IN VITRO DISSOLUTION & RELEASE' KINETIC STUDIES -

To achieve cOntrolled release through the use of a water-'soluﬁle polymerisuch as

HPMC, the polymer must quickly hydrate on the outer tablet skin to form a-

gelatinous layer.- A rapid formation of .a gelatmous layer is' critical to prevent
- wetting of the mterlor and dlsmtegratlon ‘of the tablet core.: Once the original
protective gel layer. is formied, it controls the penetratlon of addrtronal water into
the tablet. As the outer gel layer fully hydrates and dissolves; a new inner layer
‘must replace it and be cohesrve and ‘continuous enough to retard the .influx of
water and control drug drﬁusron Although gel strength is-controlled by polymer
y vrscosrty and concentratlon polymer chemlstry also plays a srgnrflcanl role. The
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Figure 6.1. Effects of HPMC K4M : MCC PH301 ratio on glipizide release préfile.
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Figure 6.2. Effects of HPMC K4M : MCC PH302 ratio on glipizide release profile.
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- amount of water bound to HPMC is related to both the substitution and the
. polymer molecular weight. Within the- gel layer, there obvrously exists a moisture -
' gradrent from the outside. surface in contact with liquid to the inner dry core.
Water appears to exist in: at least three distinct states within ‘a hydrated gel of
pure polymer (McCrystal ét al., 1997). Upon complete polymer hydration at the
outer surface, chain disentanglement begins to occur, i.e., erosion of the matrix.
The rate of erosion is related to molecular weight over a wide range by an inverse
power-law. In addition, er‘osion rate is affected by the composition and ionic -
strength of electrolytes in the liquid medium and, by the composition and level of
drugs and other additives wrthrn the matrix. Viscosity of HPMC solutions is the
result of hydratron of polymer chains, primarily through H-bonding of the oxygen
atoms in the numerous ether linkages, causing them to extend and form relatively
open random coils: A given hydrated random coil is further  H-bonded to
additional water molecules entrapping water molecules within, and may be
entangled wrth other random coils. All- of these factors contribute to larger
effective size and increased frictional resistance to flow.-
Each MCC microfibril is composed of two areas, (a) the paracrystallrne reglon an
amorphous flexlblexmass o_f cellulose chains, and (b) the crystalline region, which
is composed of tight bundles of mocroﬁbrils in a rigid linear arrangement Drying
the crystalline bundles results rn aggregates of very porous particles. This
porosity allows the partrcles to absorb large amounts of water or oil onto the
surface. e - ‘
Matrix tables prepared by . drrect compressron of HPMC K4lVI \with MCC PH 301
(M-1 to M-6) and with MCC. PH 302 (M-7 to M-11) in different comblnatlons Their
release profiles are depicted in Figure 6.1 and Figure 6.2, respectively. In both
“the cases, a faster release was observed with only MCC tablets (100% was
~ achieved wrthln 5-7 hr) and a quick disintegration was also noted. Behavior of this
matrix was sensrtwe to rts hydratron even if it cannot drssolve because of its -
partially microcrystalline structure. Hard - compacts of mrcrocrystallrne cellulose
disintegrate rapidly due to the rapid passage of water into the compact and’ the
instantaneous rupture of hydrogen bonds (Shangraw 1989) When MCC tal)tets :
were in contact with the drssolutron medium, it penetrated between the MCC
granules and into the amorphous areas, hence a local swellrng occurred. Water
" was “trapped” in-MCC as a result of adsorptron and caprllary effects. This
process has been described as the molecular sponge model (Lustrg-Gustafsson »

et al., 1999) Then, -the crystalline framework burst and MCC fragmented into - B

smaller particles (Kleinebudde, 1997). Drug release was controlled by diffusion
through the particles followed by dissolution at the partrcles ‘surface. The MCC
tablets were. completely -eroded at the end of the drssolutron test. The mean
partlcle size ‘of . Avicel PH- 301 and PH 302 were 50 and 100 um respectrvely
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Hence, the specnﬁc surface area of Avxcel PH- 301 is significantly higher than that
of the PH-302, which allowed greater amount of dlssolutlon medium to enter the
~matrix. This difference is responsnble for the hngher rate of hydration followed by
increased burst (and hence higher release with MCC PH-301). At higher,
condentrations apparently, the small particles get physically trépped between the
deformed microcrystalline celiulose particles, which delays wetting and
_dissolution, which can be easily overcome by adding portions of water-soluble
direct-compression excipients (Shangraw, 1989). Release profiles of all batches
were fitted to different release kinetics models and .their results has been
-summarized in Table 6.1. As can be seen for M-1 to'M-ﬂ,'the release profile
N fdloWed Higuchi model's profile when only. MCC PH301 was used, while
changed to Korsméyer-Pepp’as" power law equation upon addition of HPMC as a
matrix former. Further, from the release exponent (n) of Peppas model, it can be
observed that, drug release mechanism changed from anomalous.to super case-
Il transport with increase in HPMC content (M-1 t M-11) and viscosity (M-12 to M-
14). : : p
With inclusion of the gel forming polymer, HPMC, the burst and completed
disintegration of tablet can be controlled. The relative increase in HPMC content,
a decrease in the glipizide release was observed. Moreover, as shown in Figure
. 6.3, as the HPMC viscosity increases, glipizide release decreased significantly.
The drug release rate ihcreased‘ in the order HPMC K100LV > K4M > K15M >
K100M. One possible explanation for differences in performance of the various
HPMC substitution types may be the mobility of water within the gel layer, which
is lower within the Methocel K4M Premium containing matrix, leading to greater
diffusional resistance to water. This directly reduces the diffusion of drug out of
the matrix and indirectly affects the state of hydration within the gel, thus affecting
that component of drug release due to erosion of the dosage form. The kinetics of
'gel growth is also very similar for all substitution types .of HPMC; the observed
apparent differences in swelling behavior are attributed to differential expansion
of the glassy core (Rajabi-Siahboomi et al., 1994). Increasing viscosity yiélds
slower drug release as a stronger more viscous gel layer is formed, providing a
greater barrier to diffusion and slower attrition of the tablet. Release kinetic study
showed that zero order release profile can be achieved with use of HPMC
K100LV due to its low vzscosrty (Table 6.1, M-18 to M-21).

With increasing HPMC concentration and/or macro- molecular weight, the degree
of entanglement of the polymer chains increases. Thus, the mobility of the
macromolecules -in the fully swollen systems decreases. According to the free
volume theory of diffusion, the probability for a diffusing molecule to jump from
one cavity into another, hence, decreases (Fan and Sing, 1989). This leads to
decreased drug diffusion coefficients and decreased drug release rates with
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increasing HPMC level or molecular weights. Figure 6.3 represehts the effects of
different HPMC grade (molecular weight) on the glipizide cumulative release from
- HPMC : MCC PH301 (25:75) matrices. Thus, HPMC was found to be dominating
~ excipient controlling the release rate of glipizide in matrix tablets. The effect of the
compression force in terms of tablet hardness is shown in Figure 6.4. At higher
compression force, the interparticulate gap' reduces, which hinders the entry of
the dissolution medium and thereby, reduces the drug diffusion through the
matrix. It ultimately resulted in decreased glipizide release at higher compression
force. Different grades of HPMC can be combined to finely tailor the release
profiles. At the same polymer level, shifting from K100LV to K4M grade (Figure
6.3), the time for complete drug release changed from 6 to 12 h. However, with
the proper selection of combination of different viscosity grade of HPMC, an
intermediate drug release profiles can also be achieved as shown in Figure 6.5.
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Figure 6.3. Effects of HPMC grades on glipizide release, profiles from HPMC : MCC
PH301 matrices at 25:75 ratio.
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Figure 6.4. Effects of hardness on glipizide release profile from HPMC K4M : MCC
PH301 matrices at 25:75 ratio. ‘
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Figure 6.5. Effects of different HPMC grade combinations on glipizide release profile.
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- Starch 1500 consrsts of rntact starch grarns and ruptured starch grams that have
_ been partlally hydrolyzed and subsequently agglomerated, composed of two
polymers amylose and amylopectm which” are tightly ‘bound in a specific
| spherocrystalline structure (Shangraw, 1989). Through partral pregelatrmzatron
the bond between porlrons of the two polymers is broken and results in partial
solubility, increased particle size, improved flow properties and compactability.
Each amylopectrn molecule contains up.to two million glucose residues in a
compact structure The molecules are oriented radrally in the starch granule with
the consequent formation' of concentnc regions of altematlng amorphous and
-crystalllne structure. The higher the amylose content (constrtute non- branched
linear chain, crystalline region), the lower is the swellrng power and the smaller is
the gel strength for the same starch concentration. The amylopectrn (hlghly
branched amorphous region) absorbs water and cause swellrng
Starch can act as a hydregel former as well as a super—d:srntegrant (due to
swelling) depending on its composition in the tablet. The glrprzrde dissolution data .
of batches M-22 to M-26 (Figure 6.6) shows the effect of starch on'the drug
release profiles of HPMC-MCGC matrices. When starch is less than MCC, swelling
-of starch is not srgnmcant to cause burst and HPMC forms a strong elastic
hydrogel before starch swells, which release the drug contrnuously However,
when starch is more than MCC in the matrices, super~d|smtegrat|on power of
. starch particles present on the tablet surface accounts for the hrgher drug release
well before the tight hydrogel develop. Initial burst effect withz higher starch may
be explamed by following. Starch is insoluble in water and insoluble solids may
produce non- unn‘ormrty of the polymeric membranes around the drug, causing
the rmperfectlons in the membranes leading to quick release of drug from the
tablets. Another most probable reason for the enhancement rn the release rates
of the drug could be that 'starch |s water—swellable and its: thrs property might
rupture the- polymerlc membrane causrng a tremendous lncrease in the release
“rate. Neverthetess -after the “initial phase starch gives synergrstrc effect with
HPMC by formlng more elastro hydrogel to control the release of drug by“'
'dlfoSlon Release, proflles were fitted to different release kmetlcs models and
results are shown in° Table 6.1 With incorporation of Starch 1500 into HPMC-
MCC matrices (M-22 to M- 26) glipizide release proﬁle changed from super case-
Il type to non-Fickian' (anomalous) transport mechanism. For the tablets prepared
with HPMC and starch (M-28 to M-32), there was a synergrstlc effect on viscosity
of the resultant hydrogel was observed and grves hrgher values of n rndrcatmg _ -
super case-ll transport mechanrsm ; '
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Flgure 6.6. Effects of HPMC K4M : MCC PH301:starch/lactose ratio on glipizide release
Aproflle

An importént factor for the modified release of these matrix formulations is the
ability of the hydrophilic poly‘mer‘ to readily hydrate and form a gel. The
spherogranular morphology and partially pregelatinized nature of Starch 1500
produces and ordered adhesive mixture of drug and excipient in the premix and
hence, enhanced particle to particle homogeneity, due to its inherent moisture-
content (~ 10%) The highly polar water molecules allow for the formation of
hydrogen bonds between the drug and excipient molecules. It is speculated that
during the premixing. of the active and Starch 1500, a form of granulation takes
place as a result of the change in free energy (Ahmed and Shah).’ N

The effect of adding .water-soluble (lactose) fillers to matrix tablets cdntaining
glipizide, MCC and HPMC. (M-27) on the resulting drug release kinetics is shown
in ngure 6.6. Clearly, the release rate increased when adding the lactose and
can be explained by decreasing the relative HPMC amounts and, thus, the less
nght hydrogel structures upon swelling. The increase release rate with lactose
was hxgher than - that of MCC. These findings concurred with the results of
previous studies which reported that added lactose into the gel-forming matrix
can create osmotic forces that may break up the membranous barrier, resulting in -
higher release rates of drugs (Lapidus and Lordi, 1966; Alderman, 1984; Ford et
al., 1987a; Khan and Zhu, 1998; Vlachou et al., 2000; Nokhodchi et al., 2002).
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The -effect of varylng the blend ratlo on drug release from HPMC K/-lM / starch

1500 combinations (M-28 to M- 32) is. |llustrated in Figure 6.7. When starch 1500°
(partially pregelatinized maize starch)’ psed as hydrogel former, drug release was -
significantly decreased cdmparecl‘to formulations containing MCC or lactose (see
. Figure -6.6). ‘Due to its partially pregelatinized nature, starch 1500 also aids in
controlling the release rate of the glipizide by changing the tensrle strength of the
gel layer. Thus, the effect seen with starch 1500 is not just a spatral effect due to
_the presence of any filler, but it actively contributes to the dissolution kinetics
(Levina and Rajabi-Siahboomi, 2004). The presence of 25-75% starch in the
systems leads to weakenlng of the strong elastic cheracteristlc of HPMC gel

* - structure. The comparatively weak intra-molecular ‘links facrlrtate both the

dissolution’ medra penetration and the acceleration of the macromolecular
relaxation, which results in.a higher hydration rate of the mrxed matrices. Hence
probably due to the weak,er gel structure, the degree of drl_Jg release is being -
gradually enhanced with ) “the increase of the pregelatinlied starch fraction

hydrogels (Cunnrngham 2000) Replacing a portion. of the. HPMC with Starch |

1500 can Iower the overall cost of the formulatlon '
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Frgure 6.7. Effect of HPMC K4M starch 1500 ratlo on gllplZlde release proflle
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Thé gel forming ébility of stargh was ‘élso checked in the presence of MCC (M-33
to M-35). Only starch 1500 has lower compressibility index (as.compared to MCC 4
alone), and the blend was difficult to_compress, resulted in tablets (M-33) with '

hardness of 3 kg/cm?. only even at the maximum cor’npression pressure. In

subsequent batches, as the proportion of the MCC mcreases the compressnblluty
index increase and resulted in tablets of 4 and 6 kg/cm for M-34 and M-35,
respectlvely. Hence, MCC-Starch matrices showed fast ‘drsmtegratton and
complete drug release within 15 min (data not shown). The reason can be
explained by the inability of starch to form a quick gel like HPMC. Moreover, at
higher concentration if starch forms a gel, the tensile strength of gel is too less
and can get dissolve easily. MCC also helps in releasing the drug ‘due to its
crystalhne and hydrophob:c nature. Both these Iead to complete drug release
within very short time.

| 6.1'.,1 1. 3% Full factorial Experimental Design

All HPMC-MCC matrices (M-1 to M-21) were checked for suitability to fit into
constraint response variables (Q) and only M-3 (HPMC K4M:MCC PH
- 301=25:75) resulted in saﬁsfaétory release profile, hence was studied further
using 3° full factorial experimental design with two formulation variables
(MCC:HPMC ratio) shown “Experimental Work’ section. The formulation variables
(in coded values) and measured respohses of model formulations (A-1 to A-9) of
glipizide sustained-release matrix tablets are shown in Table 6.2,

Table 6.2. The measured responses of model formulations of gllpmde sustamed—reiease
matrix tablets studied by 3 full factorial desugn

A-1 -1 -1 3770 53980 76.30 90.70 101.00 101.00 1.82 3.01
A2 -1 0 2460 4740 6650 79.70 9230 9970 2.09 3.55
A-3 -1 1 19.80 4310 5840 70.70 8530 9360 240 4.14
A4 -0 -1 3160 5840 81.65 98.80 104.30 104.30 1.61 2.72

A-5 0 -0 2660 -51.70 7260 86.40 9830 10620 187 3.15
A6 0 1 23.00  47.60 655¢ 78.20 '92.00 101.00 2.11 3.59
A-7 1 -1 103.3%9 103.39 103.39 103.39 103.39 103.39 0.15 0.24
A-8 1- 0 106.80 106.80 106.80 106.80 106.80° 106.80 0.22 0.37
A-9 T 1 51.60 8240 105.56 105.56 105.56 105.56 0.69 1.63

* The responses in the bold figures are within the defined constraints.

‘In vitro’ glipizide release p;éﬁle for above batches is shown in Figure 6.8. Two
batches (A-2 and A-8) from above model formulations were found to fit the
constraint range of Q.
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For MCC HPMC lablets the drug release was" almost steady throughout the

dissolution study and 100% release was achleved within 12 h. It is well- known
that water adsorptlon enhances the 'molecular mobllrty of hydrophlllc
pharmaceutical solids, explalmng the -enhanced chemical reactlwty of these
materials in the presence of water (Bymn et al, -2001). At high'level of HPMC the
- burst effect- decreased and drug’ released at later stage was incomplete
(Q(12)<90%) With mcreased compaction . force (hence tablet hardness), the -
powder bed densmes to a greater extent and eliminates more of the air from the - .
powder bed and voids in individual particles. The increased densification process
results in a tablet with greater mechanical strength lower porosrty and hrgher
tortuosrty (Crowley et al., 2004). Thus, release rate of gllplzade decreased with
increase in tablet hardness ‘
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Flgure 6.8. ln wtro dlssolutlon proflle for A—1 to A-9 studied by 3 full factorlal desrgn

During"contact betWeen HPMC ‘matrix and dissolution médium or water, it
‘undergoes rapid hydration and macromolecular cham relaxatron (Colombo, 1993;
Colombo et al., 1999) to form a vrscous gelatmous layer. at:the surface of the -
tablet around a dry—llke core (Ra;abl -Siahboomi et al., 1992) This hydrated
viscous layer controls. water: penetratron into the central dry. core of the tablet and
‘ prevents dlsmtegratron Fallure to form a uniform and coherent gel layer may
cause lmmedlate drug release Growth of thrs gel layer occurs as water
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‘permeates through it to hydrate the polymer particles that are -immediately
. beneath it. Concomitantly the ‘outer layers become fully hydrated and dissolve.
" Water continues to penetrate towards the core of the tablet causing hydratron of
deeper parts- of the granules and maintained constant drug release until all the
tablet has dissolved (Siepmann et al., 1999). Not only the diffusion path length
but also the resistance to diffusion increased with time and the rate of drug
release progressively decreased (Higuchi, 1963). Drug diffusion occurred at the
core-gel interface then through gel layer (Nokhodchi et al., 1997) and it was
expected due to the higher affinity of this excipient for water and higher mobility
of the matrix protons (Chambin et al., 2004). It is generally assumed that water
soluble drugs are released primarily through diffusion through-the gel layer and
that poorly water soluble drugs are primarily released through erosion of the gel

B layer. It is the relative contribution from each process that is controned by the

solubility of a drug (Ford et al., 1987b).

~ The contour plots of Qe illustrating the simultaneous effect of the formulation
factors on individual response variable are represented in Figure 6.9 (a-f). The
superimposed response surfaces (Figure 6.10) and contour plots. (Figure 6.11)
illustrate the optimized region. The results showed that the amount HPMC in '
formulation was a key factor in controlling the drug release rate, thus indicating
that the burst effect of formulation can be reduced by increasing the amount of
HPMC.

The values of the release exponent (n) and the kinetic constant (K) were derived
from different release models for glipizide release from the matrix tablets and are
presented in Table 6.3. The drug release data show a good fit to the
Korsmeyer-Peppas’ power’ law model which can' further be confirmed by
comparing the values of the correlation coefficient (r) with those of other models.
The values of release exponent (n) determined for the various matrix tablets
studied ranged from 0.58 to 0.94 (except A-7) suggesting the probable release by
~ anomalous (norr -Fickian) diffusion. The Kj values ranged from 10.22 to 103.39
where high K value may suggest a burst drug release from the matrix which was
observed with the formulation A-7.

Finally, the release profile of the optimized formulations (A-2 and A- 6) and that of '
the commercial formulation (Glytop® 10 SR) are shown in the Figure 6.12. They
were ‘compared using pair wise. approach of similarity factor (f,) and the value

was found to be 73.29 and 72,53 for A-2 and A-6, respectively, which suggests
that both the formulations are srmr!ar to.the marketed formulatron
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Figure 6.11. Superimposed contour plots of Qx along with optimized crossed region.
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Table 6.3. Comparison of the characteristics of different kinetic models used to fit the
matrix tablets dissolution data.

095 0976 29.85 0976 0.91 . . .
A2 947 0978 2694 0965 0.89 1252 0996 -0.06 0.978
A3 864 0987 2446 0958 094 1022 0996 -0.05 0.993
A-4 1286 0988 3152 0958 09N 1676 0.997 -0.10 0.898
A5 10149 0973 29.08 0970 0.85 1450 0.996 -0.09 0.909
A6 944 0981 2683 0964 0.89 1237 0996 -0.06 0.912
A7 11411 0.949 10593 0.998 0.40 103.3¢8 1.000 -122 0.970
A-8 80.06 0.957 8747 0996 060 86.81 0989 -0.80 0.945
A9 1973 0940 4028 0991 058 3612 0996 -0.16 0.885

* The results of optimized batches are shown in the bold figures.

100 1

% Glipizide{re{leased'

—0— Glytop-10 SR
—o— A-2 (f,=73.29)

—a— A6 (f,=72.53)

T T Y Y T H T T T T T

0 2 A 4 6 . 8 10 12
Time (hr)
Figure 6.12. Dissolution profile comparison of Glytop® 10 SR, A-2, and A-6.

6.1.2. CHARACTERIZATION OF OPTIMIZED FORMULATIONS

Based on the in vitro glipizide release profile for M-1 to M-35, two batches (M-3
and M-25) were found to be the batches falling within the constraints. Hence,
they were characterized further for release mechanism by Kopcha model
(Kopcha et al., 1991), swelling study, and SEM study before and after dissolution
at different time interval. o ‘
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6124, Release Mechéni_srﬁ by AKopcha Model = - |

‘The drug release mechamsm from these hydrogeis is a d:ﬁus;on controlled one.
It is determined by the structural charactenstlcs of the gel layer- (structural -
organization, dzﬁusron capability, gel‘strength), and by the processes of both:
polymer swelling and gel layer erosion (Herman and Remon, 1989). The results
- obtained from the Kopcha model parameters for M-3 and M-25 formulations at
different time intervals are shown in Figure 6.13.
Initially A/B was <1 and express the prédominahce of surface erosion relative to
drug diffusion inside the matrices for M-3 (HPMC K4M : MCC PH301 at 25:75).
- During this initial phase, HPMC is in process of preparing the viscous gel layer
and drug release is mainly controlied by erosion of the surface MCC particles.
The viscous gel layer of HPMC is very thin and hence more dissolution medium
can penetrate towards the core area and create channels which are responsible
for initial release. However, term A increases in the course of time as diffusion of
| glipizide from viscous gel layer appears. Within t‘hee gel layer, there obviously
exist a moisture gradient from the outside surface in contact with-liquid to the
inner dry core. The self-diffusion coefficient at given position within HPMC gel is
sigﬁiﬁcantly 'and‘cqnsi‘stently lower. This implies_thét the mobility of water within
the gel layer is lower, leading to greater diffusional resistant to water. This directly
- reduces the diffusion of drug out of the matrix and indirectly affects the state of
hydration within the gel. | )

. M-3 '
: ~O— A (Difusion term) 20 ) i -
wl . —&— B (Erossion term) R .

M-25
- —0— A {Diffusion term}
—&— B (Erossion term)

AlB

0 2 4 6 . 8 1 12 . o L2 4 6 "8 10 12
Time (h) Tlme th)

Figure 6. 13. Kopcha model parameters (A and B) versus time profile for M-3 and M-ZS
formulations, respectively.

M-25 (HPMC K4M : MCC PH301 : Starch 1500 at 25:30:45) contained majority
proportion of Starch 1500 which is hydrophilic and quickly hydrate along with
HPMC to form a strong hydrogel' (Figure 6.13). Thus, diffusion ‘was the
" predominant than the erosion. Slight decrease in diffusion was observed up to 4
hr, due to MCC content. However this effect ' was not significant and diffusion
was the predominant through out the dissolution profile. This further confirms the
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hypotheS|s that starch can form a strong hydrogel with non ionic HPMC as. |
dlscussed earller ’ :

6.1.2.2. Swellmg Study

" The sweihng study results for M-3 (HPMC K4M : MCC PH301 at 25 75) are
- graphically presented in Fxgure 6 14. As can be seen, the!water uptake was
~ significantly high for initial 3 h and remamed almost. constant through out the
‘ study. Slmrlarty, the axial and radial expansron were also maxrmum at 3 hand
~declined at very slow rate (due to surface erosion). This can 'also be seen from
the photographs of tablets at different time interval at the top of the Figure 6.14.
‘Initially during 3 h,’ ‘the d:ssolutron meditm penetrated up to the core of the HPMC
‘matrix tablet'and mrght have prepared the viscous hydrogel whrch is suffrcrent to
retard glipizide drffusxon *Though,. complete ‘drug was released at 12 h by

diffusion, the hydrogel was so strong to mamtam its integrity. After 24 h, the outer . -

most gel layer was fully hydrated and chain dlsentanqlementrbegun i. e erosion
of the matrix. ;oo , , : iy :

oh _ 3h ~ - 6h. - ~9h i  24h

-0 Water uptake
—— Axral swelling .
—&— Radial swe!hng

200 -
150 -

100 +

‘% Swelling

. 50 1

0 3 .6 »9! o1z 15 18 2t 24
: . . Time (h) '
thure 6.14. Percent water uptake axial, ‘and radlal swelhng results for M-3 formulation .
(HPMC K4M : MCC PH301 at 25: 75) : '
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. 8.1.23. SEM Study

Figure 6.15 (a-e) depicts the changes in the HPMC:MCC tablet (M-3) surface
structure as

5

() M-3at3h - ~ (e)M-3at12h

e . : / e | ' '

(c)M-3at6 h : : -
Figure 6.15. SEM photographs of M-3 tablet surface after dissolution at different time !
points.
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dissolution (0 h) and as the dissolution
proceeds, surfaces becomes rubbery
~due to quick hydrogel forming nature
of HPMC, drug starts to diffuse out of
the tablet core and results in pore
formation on the tablet surface.
Further, the tightness of the surface
particles weakens with dissolution.
Whereas Figure 6.16 (a-c) are the
cross-section of the HPMC:MCC tablet
at 0, 6, and 12 h, respectively which
further confirms the observations
made above.

*»

s

Figure 6.17 (a-e) depicts the changes
in the M-25 (HPMC‘K4M :MCC PH301
:Starch 1500 at 25:30:45) surface
structure after 0, 3, 6, 9, 12 h
dissolution study. The phenomenal of
formation of viscous gel of starch in
presence of HPMC can be seen from
the figure. This further confirms the
contribution of excipient on release
profile discussed earlier. In
comparison to M-3, surface of and M-
25, was more viscous elastic gel type
in nature.

(C) M-3 cross-section at 12 h
Figure 6.16. (a-c) SEM photographs of
HPMC-MCC (optimized batch M-3) tablet
cross-section after dissolution at different
time points.
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X

(c) MCC-HPMC 6 h
Figure 6.17. SEM photographs of M-25 (HPMC K4M : MCC PH301 : Starch 1500 at
25:30:45) tablet surface after dissolution at different time points.

186 Section Il Results & Discussion: Glipizide Matrices



| 62 MCC—AIginafé‘l '&-'MCCV-.GI){cei'yI: Belhe'na’:(fe ;M-a'trices

in thls study, MCC sodlum algmate matnces ‘were studled w;thout and wrth'
- sodium and/or ca!cxum salts to tune the ghpnzade release

6.2:1. INVITRO Dps‘sow'nou & BELEASE KINETIC STUDIES

Figure 6.18 depicts _the’eﬁects of fdibasic calcium phosphate (DCP) and di-
sodium hydrogen .phosphate \(DHP) on drug release profiles of different MCC-
alginate matrices (M-36 to.:M-43). On Adissolving alginates in water, the molecules
hydrate and the. solution: gains viscosity. The}dissolved 'n'noiecul_es' are not
completely flexible; rotation around the glycosidic linkages in the G- block regions :
is somewhat hmdered resulhng in a stiffening of the chain. Solutions of stiff -
“macromolecules are highly viscous. After gelation, the water molecules are
physically entrapped by the alginate matrix, but are still free to migrate. The water
holding capacity of the gel is due to capillary forces. Complete drug release from
the matrices was achleved within 2 h except for M-39. The glipizide release data
indicate that. the presence of dlvalent cahon extend the durahon of drug release

100 -
o 807
0
©
9 ,
N B
2 60 ] ; .
‘N MCC(PH301) algmate DCP/DHP
:_% —D—— M-36 (50: 50 00) ‘
o . —O— M-37 (25:75:00)
=R - ~b— M-38 (2‘0:50:35 DCP)
- =O— M-39(35:30:35 DCP)
- —@— M-40 (50: 15 35 DCP)
., —O— M-41-(40: 50:10 DHP) .
 — M—42 (45: 35 25 DHP)
. e a M-43 (OO 60 35 DCP: 10 DHP)
Figure 6.18. Effects of dtbassc calc:um phosphate and dx—sod;um hydrogen phosphate on

- the ghpszxde release from MCC a!gmate matnces _
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as compafed to that of matrices without any cation (M-36 & M-37). This is due to
the ability of the alginates to form an insoluble gel with cations, which act as a
‘barrier for the penetration ‘of the dissolution media into the matrices and for the
~ diffusion of the drug from the matrices. Moreover, the amount of MCC as an

insoluble carrier also plays significant contribution in release profiles. When, the -

proportion of alginate and salt is approximately equal, the formulation shows
longer dissolution duration (see release profiles of M-39 and M-42) as compared
to other proportions. Giingér, S. et al has also seen similar observation in their
studies (Giingor et al., 2003). Functional properties of the polymer can be further
~ investigated in order to achieve a desired release kinetics for the desired duration
period.

The anionic Protona! LF 120M can form a h:ghly viscous gel with cattomc
chltosan, and the glipizide release was significantly retarded as compared to
alginate-inorganic salt mediated ionotropic gels (compare the release profiles of
M-39 and M-42 with M-46 and M-47). Only about 30-45% glipizide was released
- by first order release mechanism within 12 hr with the formulations containing
chitosan (M-46 and M-47, Figure 6.19, Table 6.4). ' |

<] MCC:Protonal LF 120M:Ca gluconate/chitasan

100 - _ . —0O— M-44 (MCC PH102 25:37.5:37.5 Ca. gluconate)
] ’ - —0O— M-45 (MCC PH102 25:50:25 Ca. glucehate)

—— M-46 (MCC PH301 40:30:30 Chitosan)

—O— M-47 (MCC PH301 60:20:20 Chitosan) ~

. o0
(=)
d s 3

- % Glipizide release -
(> 2N ‘
<

o 2 4 6 - - 8 10 12
Time (h).
Figure 6.19. Effects of calcium gluconate and chitosan on the glipizide release from

-MCC-alginate matrices.

v
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Moreover, MCC PH 301 was also combined with the glyceryl behenate and the
effects of these auxiliary excipients on glipizide release characteristics were
studied. Batch M-48 is discussed in the next section with other guar gum
matrices. Glyceryl behenate was waxy in nature and matrices were tried to
prepare by hot-melt granulation technique. HPMC or MCC were added to the
melted glyceryl behenate and mixed thoroughly, allowed to cool at room
temperature. This mixture was sieved; lubricant/glidants were added and
. compressed to form compact mass. In this case, the powder showed poor flow
and compression characteristics, acceptable hardness was not achieved within
the full compression scale, majority of the tablets resulted in capping as well as
cracks on the surface. Hence, these batches were not studied further. Release
exponent and regression coefficient for different release kinetics models are
summarized in Table 6.4. ‘
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6.3. EC- HPMC, Guar Gum & Xanthan gum Métrites

Ethylcellulose (EC), a hydrophobic polymer, is an ether cellulose derivative and is
used to control drug release (Klinger et al., 1990; Katikaneni et al., 1995; Rekhi
and Jambhekar, 1995; Pollock and Sheskey, 1996). Natural polysaccharide such
as xanthan gum and guar gum matrices were also tried.

6.3.1. IN VITRO DISSOLUTION & RELEASE KINETIC STUDIES -

‘In vitro’ release profile for matrix tables (M-52 to M-61) prepared with EC and
HPMC K4M, K15M, and K100M are shown graphically in Figure 6.20, Figure
6.21, and Figure 6.22, respectively. EC-HPMC tablets exhibited a much slower
release during 0—4 h. The dissolution rate was the slowest because of low water
affinity of the EC. Callahan et al observed that EC absorbs very little water from
humid air or during immersion (Callahan et al., 1982; Velazquez de la et al.,
2001). This may be the reason for mairitaining the integrity of tablets at the end of
the dissolution study. This suggests that water and glipizide diffused through the
tablets without any important damage to the matrix structure and similar results
were observed by Neau (Neau et al., 1999). As the relative composition of EC

© 100 -
o 907
/)]
iy
2
e d
o 60-_
o
N
o2 ]
O 40 -
X ] .
 EC 7 FP:HPMC (K4M)
20 - —C— M-52 (75:25)
. —O— M-53 (70:30)
] - —A— M-54 (50:50)
_ —O— M-55 (25:75)
0 Oatabatd D ML R S S R L S S A SN A S NN A S A S S S S S
0 2 4 6 8 - 10 12
, ,
Time (h) -

Figure 6.20. Effects of EC 7 FP : HPMC K4M ratio on the glipizide release profiie.
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Figure 6.21. Effects of EC 7 FP : HPMC K15M ratio on the glipizide release profile.

100 . EC 7 FP:HPMC (K100M)
1 ' —0— M-59 (75:25)
1 —O— M-60 (50:50)
—A— M-61 (25:75)

s

80 -

60 -

% Glipizide release

0 2 4 6 8 10 12
Time (h)
Figure 6.22. Effects of EC 7 FP : HPMC K100M ratio on the glipizide release profile.
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increased in the tablet, it retards the penetration of dissolution medium by
providing more hydrophobic environment and thus cause delay in release of drug
from the tablet. The physicochemical properties of the EC do not seem to affect
the release profile significantly after 4 h. The dlipizide diffusion was expected to
take place through a porous network created by glipizide already dissolved within
the matrix togethér with the initial voids in the matrix, and filled by liquid medium
(Kulvanich et al., 2002). After 4 hr, glipizide release decreased with increase in
HPMC content and viscosity/molecular weight. The drug release rate decreased
in the rank order HPMC K4M>K15M>K100M as observed and discussed in
HPMC-MCC matrices. Thus, HPMC was found to be dominating excipient
controlling the release rate of glipizide in matrix tablets.

SEM photograph of EC-HPMC (group |, J-2) tablet surface (3 and 6 h) and tablet
cross-section (6 h) after dissolution are shown in Figure 6.23 (a-c). It is obvious
from the figure that there was no considerable change in the tablet surface even

(@M

c) M-52 after 6 h (cross-section)
Figure 6.23. SEM photograph of M-52 (EC-HPMC) tablet surface (a, b) and tablet cross-

section (c) after dissolution at different time points.
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after 6 h. This may be due to hydrophoblc nature of EC whxch does not allow the -
dissolution medium to wet the tablet surface and dissolve the drug easily. The
cross-section after 6 h showed a dried gel layer (due to HPMC) which controlled
“the release. However, the matrix did not showed much pores or channel mdlctmg“

that the EC matrix structure was intact. -
100 -
o 907
v .
5]
2;
m . r
} =8
s 60°‘
E .
N
2 ]
O 40 -
< ]
] EC 7 FP:MCC PH301:Starch 1500
20 ° —{—"M-62 (50:50:00)
o] —O— M-63 (25:50:25)
- —O— -84 (25:25:50)
O""v'"."l‘r"yl““l""l‘"“7
0.0 0.5 10 1.5 2.0 25 30

Time (h)

: , thure 6.24. Effects of EC 7 FP MCC PH301 Starch 1500 ratio on the glipizide release
profﬂe . S

~

As shown in Figure 6.24 both the co-excipients (MCC and Starch) used in this
investigation exhibited substantial enhancement in the drug release rates from
_the tablets. The EC-MCC system can sustain the drug release up to 3 h, but as’
starch is added, the matrix resulted in complete drug release within 0.7 h. The -
. faster release rates observed with microcrystalline cellulose and starch might be -
due to its inherent disintegrant properties as discussed earlier in HPMCC-MCC
matrices and HPMC-starch matrices secﬁon.Similar findings have also been
reported by other researchers where microcrystalline cellulose (Chilamkurti et al.,

1983; Cameron and-McGinity, 1987) and starch (Michailova et al., 2001) used as
co~exc¢pxent caused an increase in the release rates of drugs. -

4
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It was not possrble to obtain tablets for the formulatron composrtron of M-65 to M-
67. The tablet powder mixtures were with poor carr's index value (below’ 5%) and |

- .. it was difficult to compress it into matrix form. Even at’ maxsmum compression

force, the guar gum containing mixture resulted in hardness of 2 kg/cm?. Such a
low hardness was not suitable for the handling of formulation and matrices were
broken easr[y These batches were drscontmued for further study '

Xanthan exhibits pseudoplasticity (shear-reversible property) in agueous

solutions. This characteri_stic' solution property of the xanthan gum can be
explained on the basis of its helical structure. A xanthan solution in presence of
salts like sodium or potassium chloride -can maintain ifs ordered structure and
wviscosity. Increase in xanthan gum viscosity is due to the unwinding of the
-ordered conformation such as helix into a random coil with a consequent
increase in resultant shape and size of the molecules. The presence of anionic
side chains on the xanthan gum molecules enhances hydration and .makes
xanthan gum soluble in cold water. In addition, the form and the rigidity of the
macromolecules determrne the ‘rheology of the solutions. Nine - xanthan gum .
based formulations were screened to select those charactenzed by a minimal
burst effect and a slow release of glrprzrde overi12 h (shown in Frgure 6.25 and

1 Xanthan gum:MCC (PH301)/HPMC (K4IVI)
100 - ~0— M-68 (110:0) -
1 - O M-69 (130:0)
e NT0 (70:40 MCC)
1 ——"M-71(80:30-MCC) -
80 1 | E— M72 (so 30 HPMC)

60 -

40 4

% Glipizide release

20 -

Trme (h)

-Figure 6.25. Effects of MCC PH301 and HPMC K4aM on ghprzrde reiease profdes from
xanthan gum matnces : : .
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Figure 6.26). At a fixed glipizide dose, the total content of hydrophilic natural
xanthan gum show a dramatic change in their dissolution profile as shown in
Figure 6.25 (M-68 and M-69). : ~

At lower xanthan gum level, rapid swelhng of matrlces with less tight hydrogel
structure resulted in higher initial drug release followed by completion within 9 h.
Conversely at the higher xanthan gum level, the hydrated' gel layer became
highly viscous énq due to tight nétv_vork formation, the initial drug release was
diminished and drug diffuses: slowly continuously for more than 12 h. This
difference in release profiles can be explained on the basis of a change in the
integrity of the matrii( at different polymer concentration. Moreover, the decreased
drug release rate in the order of increasing proportion of xanthan gum can be
reasoned that as the amount of xanthan gum in the matrix increased, there would -
‘be a greater degree of hydration with simultaneous swelling. This would result in
a corresponding lengthening of the drug diffusion pathway and reduction in drug
release rate. It seems that, there is some thréshold level for xanthan gum, within
which the slight difference in its concentration can result in statzstxcaﬂy s:gnn‘xcant
different drug release profiles. Xanthan can produce much more viscous gel as’
compared to HPMC and similar findings were reported by other researchers also.
(Dhopeshwarkar and Zatz, 1993). ' :

Partial replacement of xanthan gum by MCC PH301 caused increase’ in drug
release and (M-70 and M-71 as compared to M-69) and linearizaticn of the
release profile (M-70). During dissolution, xanthan gum absorbs water, swelis,
and becomes a hydrated gel. At the same time, MCC PH301, having
disintegration properties as discussed earlier, promoted the disintegration and
erosion of the matrices, which resulted in higher drug release. Batch M-70 gave
the glipizide release within the defined constraints and was considered optimized
for further study. When HPMC K4M was added to xanthan gum matrix (M-72), it
swells considerably immediately and release the glipizide from the channels
created by dissolution medium penetration. However, as time elapse, xanthan
“and HPMC showed synergetic gelling ability and produce such an extremely

visco-elastic gel that only 75% of glipizide released within 12 h.

~ As shown in Figure 6.26, the 6ombination of two different excipients with xanthan
gum (M-73 to M-76) gave more linear release profiles as compared to above
matrices of xanthan gum iny or with single excipient (M-68 to M-72). This may .
be due to the alteration in the thickness, porosity and gel structure.of more

. complex peripheral hydrated layer through which drug diffusés out. Inclusion of

MCC PH301, starch 1500, and lactose resulted in intermediate drug release rate
as compared to M-68 and M-69. Hence, apart from providing acceptable flow and
compression properties to the formulation, these auxiliary excipients contributed
significantly in controlling the drug release without burst effect or lag phase (very
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| Xanthan gum matrices

100 9 —o— M-73 (80:15:15 Xa:MCC:HPMC)
: —O— M-74 (70:20:20 Xa:MCC:starch)

—— M-75 (70:25:15 Xa:HPMC:starch)

- 80 -

—O— M-76 (80:25:05 Xa:HPMC lactose)
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Figure 6.26. Effects of co-excipients on the glipizide release from xanthan gum matrices.

negligible initial drug release). Glipizide release of matrix M-75 containing
xanthan, HPMC and starch fits within the constraint limits and was selected as an
optimized batch. ‘

With EC-HPMC matrices, as the molecular weight/viscosity and composition of
HPMC in matrix tablet increases, the release profile changes from super case-ll
transport to Fickian diffusion mechanism (M-52 to M-61, Table 6.5). Tablets
prepared with only xanthan gum follows Higuchi’s square root of time equation
when. in low concentration, while follows Korsemeyer-Peppas’ power law -

equation (M-68 and M-69). Matrices of xanthan with either MCC or HPMC
 releases drug by Korsemeyer-Peppas’ equation at all studied combinations (M-70
to M-72). M-75 (xantan-HPMC-starch) formulation comply with zero order release
mechanism as depicted in Table 6.5. ‘
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6.3.2. CHARACTERIZATION OF OPTIMIZED FORMULATIONS

From the release profiles of EC-HPMC, EC-MCC, and xanthan gum matrices, M-
70 and M-75 were selected as the 'optimized'formu!ation‘s. as they fit all the
release constrains. Both formulations were studied further for release mechanism
by Kopcha model (Kopcha et al., 1991), swelling study, and SEM.

'6.3.2.1. Release Mechanism by Kopcha Model

Matrix tablets M-70 (xanthan : MCC PH301 at 70:40) showed predominance of
erosion relative to diffusion for initial 2 h. This was contributed by the presence of
water insoluble MCC. However, xanthan gum prepared strong gel and the
diffusion takes over erosion term after 2 h and was maintained through out the
release profile. For the M-75 formulation (xanthan : HPMC K4M:Starch 1500 at
70:25:15) showed matrix erosion as major release mechanism. However, the
diffusion term increase up to 5 h and become steady after that, it was less
significant than erosion. ‘

M-75
—0— A {Diffusion term)
~&— B (Erossion term)

M-70
—o— A (Diffusion term)
© —— B (Erossion term)

AlB
o

MW

[ é ; t,i ; ;0 12 o ; :S é . 8 1KO 12
Time (h) Time {h)
Figure 6.27. Kopcha model parameters A (diffusion term) and B (erosion term) as a
function of time for M-70 and M-75 formulations.

6.3.2.2. Swelling Study

Results of water uptake, axial and radial expansion for M-70 (xanthan : MCC
PH301 at 70:40) are enumerated in Figure 6.28 and the photographs at different
time intervals are also presented. It is evident that water uptake was continuously
rising through out the study. Same'is the case with radial and axial swelling. This
supports the observation of Kopcha model that the diffusion was predominant.
The terminal water uptake and radial/axial swe‘lli‘ng was less steep because the
diffusional path length, hence distance to be traveled for dissolution media to
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Figure 6.28. Percent water uptake, axi‘ai, and radial swelling resuits for M-70 formulation
(xanthan : MCC PH301 at 70:40).

reach the dry core increases with time. Hence, the drug release ‘profile fits into

the Korsemeyer-Peppas power law equation. ~

Figure 6.29 summarizes the results of water uptake, axial and radial expansion
for M-75 {xanthan : HPMC K4M : Starch 1500 at-70:25:15). Though water uptake
was continudusly increasing with time similar to M-70, the radial and axial -
expansion was almost constant after 6 h. This suggests the role of erosion to
maintain constant diffusional path length because of proper synchronization
between erosion and diffusion. This ultimately releases the drug by zero order.
Over hydration of the outer most gel layer and its erosion can be seen in tbe last

. photograph.
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Figure 6.29. Percent water uptake, axial, and radial swelling results for M-75 formulation
(xanthan ;: HPMC K4M : Starch 1500 at 70:25:15).

6.3.2.3. SEM Study

Surface structure of M-70 after 12 h dissolution was studied by SEM analysis and
shown in Figure 6.30. From the above discussion, it is evident that the release
was due to diffusion of drug and hence the opening of the channels can be seen
in the form of pores on the surfaces (shown by arrows). The higher magnification
photographs shows viscous gel like rubbery structure.
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Figure 6.30. Scanning electron micrograph of M-70 after 12 h dissolution at
magnifications (pores created due to diffusion are shown by arrows). '

Scanning electron micrograph of M-75 surfaces after 12 h dissolution are
presented in’ Figure 6.31. The micrographs further verify the hypothesis of
surface erosion as discussed above in Kopcha model and swelling study. None
of the micrograph showed any pores nor any viscous gel like structure. Instead,
the eroded surfaces were observed. -
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Figure 6.31. Scanning electron micrograph of M-75 after 12 h dissolution at different
magnifications.
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6.4. Carbopol Matrices

Matrices of different grade carbopol polymers with other cd—polymers or
excnpnents were prepared to study and understand the effects of matnx
' composmon on their in vitro release kinetics. '

-6.4.1. IN:VITRO DISSOLUTION & RELEASE KINETIC STUDIES

Generally, in the dry state, the drug is trapped in a glassy core of carbopol matrix
'_ system. As the external surface of carbopol matrices hydrated, it also forms a
gelatinous. layer, which is significantly different structurally from the other
traditional matrix tablet. The hydrogels are not entangled chains of polymer, but '
discrete microgels made up of many polymer particles, in which the drug is
dispersed. The crosslink network enables the entrapment of drugs in the hydrogel
domains. Since these hydrogels are not water soluble, they do not dissolve, and
erosion in the manner of linear polymers does not occui'_. But, when the hydrogel
is fully hydrated, osmotic pressure from within works to break up the structure,
-essentially by sloughing off discrete pieces of the hydrogel. As the

thermodynamic activity or chemicai potential increases, the gel layer around the
tablet core actually acts almost like a rate-controlling memibrane, resulting in
linear release. of the drug. Because of this structure, drug dissolution rates are
affected by subtle changes in hydrat:on rate and swelling of the’ individual

- polymer hydrogels, which are dependent on the ‘molecular structure of the

polymers, including crosshnk density, chain entanglement, and crystallinity of the
polymer matrix. Upon exposure to water, the polymer chains\étart gyrating and
the radius of gyration becomes bigger and bigger. Macroscopically, this
phenomenon manifests as swelling and the magnitude and rate of swelling is
dependent on ‘the pH of the dissolution medium. The channels, which form
between the polymer hydrogels, are influenced by the concentration of the
~ polymer, as well as the degree of swelling. Increasing the amount of polymer will ’
decrease the size of the channels, as does an increase in swelling degree
(Hbsmani,‘ 2006). All of these factors affected glipizide release profiles
significantly and discussed below.'Aii the carbopol resins, when first dispersed in
,watér; they' are tightly knotted together via hydrogen bonding, thus'limiting its
thickening capability until the resins are partially neutralized. This neutralization
. ionizes the carbopol polymer, generating negative charges along the polymer
backbone. Répulsions of these like.vneg'ative charges cause the molecule to -

- uncoil -into an extended. structure. However, to achieve the highest possible ’

performance with the polymer, the molecule must be completely uncoiled. This
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Figure 6.32. Effects of Carbopol 931 P: lactose ratro on the gllprzrde release proﬂle

reactxon is rapsd and glves mstantaneous thrckemng and swellsng (Noveon
Bulletin, 2002b). * - ST S i

The glipizide release influenced: by the change in Carbopol 931P and Iactose '
ratio is deprcted in: Figure 6. 32 Rate. of hydratron of carbopol matrlces are highest
because of its’ strong hydrophlhc nature. Thus, when this matnx come in contact
of dissolution-medium, it: raprdly hydrate and form a strong elastic gel which
restrict the entry of medlum towards :the glassy core, hence almost negligible
release dunng fll’S’[ hour. Dlrectly compress:ble lactose was mcluded as diluent for
its high aqueous solubility whrch increases the rate and amount of ‘water
imbibition to: penpheral layer (Nandlta -and-Sudip, 2004).- Lactose increases the
rate of swelling of polymers whrch in turn forms a gelled matnx to control the
release linearly. As; lactose is water ‘soluble, it easily dtssolves in dlssolutron
media and hence hlgher lactose concentraﬂon provrdes more channels for the:
“drug to drffuse out of the hydrated gel layer resulting in hrgher release rate. The .
dissolution .data of all the batches (M -77 to M-97) were frtted to different drug
release modalmes and an overvrew of the comparatwe krnetrc constants,

~ - regression coefficients, best fit model MDTso and MDTago values are summarized

“in Table 6.6:: Matnces composed of Carbopol 931P lactose followed zero-order
drug release’ klnetlcs due to hrghly water soluble charactenstlc of lactose '

nf AN
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Figure 6.33. Effects of Carbopol 931P : MCC PH301 : Tulsion 344 ratio on the glipizide
release profile. ’

Tulsion-344 is ion exchangé resin containing sulfonic (anionic) functional group.
‘At pH 6.8 of dissolution-medium, carbopol is also anionic. Thus it was tried to
‘check whether the anionic ion exchange resin can give synergistic effect on
swelling and hence viscosity of carbopol by providing negative change to the
matrix. However, as can be seen in Figure -6.33, there was- no significant
. contribution of ion-exchange resin on the release broﬁle of glipizide from carbopol
matrices. \ o | o : '
Figure 6.34 enumerates the effects of Carbopol 931P : MCC PH 301 ratio on
glipizide release profiles. It is obvious from the figure that at higher carbopol
levels (M-83), the release profile can be divided in three segments, the initial -
“ burst effect (0-1h), almost steady phase (1-8.h) and last rapid release phase (8-
12 h). This can be explained as follow: As the pKa of the carbopol polymer is
6.0+0.5,- at dissolution medium pH of 6.8, higher swelling occurs because of
maximum dissolution medium penetration. This result in porous gel due to
channels created by medium penétrati_on and through which glipizide diffuses
faster and easily during initial burst. On the other hand, in the presence of nearly
neutral pH, the hydroxyl group of the dissolution media combines with the
carboxylic group of the polymer via hydrogen bond and this result in thickening of A
the gel layer. This mechanism is time dependent and can take from few minutes
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Flgure 6.34. Effect ol Carbopol 931 P MCC PH301 ratio on the gllplZlde release profile.
. N !1

to several hour to attain maxnmum thlckenlng (Noveon Bulletln 2002a). Hence,
once the viscous gel layer develops in the presence of dlssolutlon medium, it
‘retards the glrprzrde release sngmflcantly (approxumately 20 %'drug release in 1-8
h). Lastly when the hydrogel is fully hydrated as dlscussed earlier, due to
osmotic pressure. developed w1thln the matrix play role- to break up the gel
structure by sloughmg off dlscrete pleces of the hydrogel untll complete erosion, |
and thereby hrgher drug release durmg 8-12 h. When carbcpol content is higher
(M-83 and M-84), matnx followed Hrguchl S square—root of time and Korsemeyer- -
Peppas release kmetrcs respectlvely (shown in Table 6.6). l

This tri-phasic release behavxor lS gradually decreased and more lmearlzatlon of
release profile is observed as' the MCC PH301 content lncreased This ultimately
'changes the, best flt release model from nguchl or Korsemeyer to first order as
shown in Table 6. 6 The decreased mltlal burst: can be reasoned that the presence
©oof lnsoluble MCC PH 301 hlnders the - penetratlon of dlssolu’uon medium and
: thereby swellxng also, which ultlmately changes the gel lntegnty and decreased
release rate. During the middle- phase the inséluble and dlsmtegrant nature of
- MCC PH301 caused linear lncrease in release rate. In’ addmon this continuous
erosion of the outermost gel layer and drug release, osmotlc pressure developed‘
was much lower and. hence termlnal gllpmde release was also conlrolled in linear
fashlon (M -84 to lVl 87, Flgure 6. 34) From thls group, M-84 .
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Figure 6.35. Effect of Carbopol 971P : MCC PH301 ratio on the glipizide release profile.
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Figure 6.36. Effects of Carbopol 974P : MCC PH301/HPMC K4M ratio on the glipizide

release profile.
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‘bétch fitted the glipizlde release al all time points of the desired constralnt‘ and
’consrdered as an optrmlzed This batch follows Korsemeyer—Peppas power law -

Lo equatron with the n value of 0.5, indicating the. drug release by fickian diffusion

mechanism. Decrease drug release with Carbopol 941P observed was due to
~ “difference m cross-link density of the polymer (M-88) The. pattem of glipizide
" release profiles from the Carbopol 971P : MCC PH301 matnces (Figure 6.35, M-
- 89 to M-91) are identical to that of the Carbopol 931P : MCC PH301 matrices and
~ can be explained same as above. The glipizide release data fits into Peppas and
~ Higuchi ‘models. The only difference’is the overall suppression of drug release
~ rate, and can be reasoned for the ihcrease in the viscosity of the Carbopol 971P.
“The matrices prepared with Carbopol 974P : MCC PH301 at different ratios (M-
92 to M-94). resulted in robbery type structure, and tablets were not broken at
maximum scale of the hardness tester (>10-12 kg/cm?). At the higher force of
hardness tester, tablets developed crakes but not broken into dlscrete fragments

The gluprzrde release from the Carbopol 974P : MCC PH301 matrices (Figure .

6.36, M-92 to M-94) became faster as the MCC PH301 proportion in the matrix
increases. At the lowest level of MCC PH301, glipizide release was sustained up
to 5 h. As seen from the* Table 6. 6, as the carbopol content increases in the
matrix, best fit model shits from flrst order to Korsemeyer-Peppas model with
diffusion mediated drug release mechanism.

Only Carbopol 974P containing matrix, M-95, gave almost identical release
" profile to that of M-92. Matrix tablets completely prepared wrth Carbopol 974P
could not reduce the drug release rate further. Hence, HPMC K4M was included
in the next two batches (M -96 and M- -97). Inclusion of HPMC K4M synergistically -
increases the viscosity of.the hydrogel and resulted in srgmflcant decrease in
gllperde release. with almost. neglrgllole glipizide .release wrthm first hour of
dissolution. This is because of the inherent quick gelling power of the HPMC
KaM. It should be noticed: that with same HPMC level, the change in carbopol
- quantity resulted in almost similar glipizide release. This mdloete that there. exists
some threshold level for ‘carbopol quantity beyond which further ‘increase in
“ carbopol fraction just increases the metrlx weight and do not actively change the ‘
active drug release. This can be further confirmed by comparing the release data
of M-92 and M- 95‘ The drug release data ﬁttlng into the different release kinetic .
. models revealed that formulation M-95 to M-97.fits into zero—order and Peppas :
__models with supercase - |l transport release mechanlsm (n > 1) as deplcted in
~ Table 6.6. . S : '
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6.4.2. CHARACTERIZATION OF OPTIMIZED FORMULATIONS

In the group of all carbopol matrices (M-77 to M97), batch M-84 (Carbopol 931P : -
MCC PH301 at 70:30) was the optimized batch and was studied further for
thorough understanding and confirmation of the drug release kinetics as follow.

6.4.2.1. Release Mechanism by Kopcha Model

As discussed in vitro dissolution section, Carbopol 931P can hydrate quickly due
to anionic nature; the dissolution media penetrate easily and dissolve the drug.
“This dissolved drug diffusion is the key mechanism for drug release kinetics.
Results of Kopcha model analysis for M-84 are enumerated in Figure 6.37. It is
seen from the figure that diffusion term is much higher than the erosion term, and
confirms that the predominance of diffusion mechanism responsible for the drug
release. The swelling of this matrix in dissolution medium was almost similar to
that of batch M-70 (xanthan gum : MCC PH301). At end of the swelling study, the
swollen tablet maintains its integrity and this supports the negligible erosional
term as suggested by Kopcha model analysis. Moreover, Kopcha model results

Oy

25 A —O— A (Diffusion term)
—&— B (Erossion term)

20 A
Q
—— 5 z,
q | ’ N

N M
¥ T 1 v T 7 T
0 2 4 6 8 10 12
Time (h)

Figure 6.37. Kopcha model parameters‘A (diffusion term) and B (erosion term) as a -
function of time for M-84. ’
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show the decrease in rate of diffusion as the time passes. This can be explained
on the basis that as the volume of swollen matrix increases, the diffusional
pathlength increases, and drug takes-more time to travel it and appear in the
dissolution medium. ‘ '

6.4.2.2. SEM Study

The scanning electron mlicrographs of the matrix surface after 12 h dissolution at
different magnification are shown in Figure 6.38. The pores created by opening of-
the channels through which drug has diffused out are seen clearly and indicated
by arrows in the figure. This adds one more confirmation for the predominance of
diffusion as a major mechanism for drug release. Moreover, the glassy matrix
core converted into a rubbery visco-elastic gel like structure is also obvious. The
lower magnification SEM photograph show the integrity (without erosion) of the
swollen hydrogel at the end of the dissolution study.

s Lt i :
Figure 6.38. Scanning electron micrograph of M-84 after 12 h dissolution at different
magnifications (pores created due to diffusion are shown by arrows).
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6.5. Carrageenan Matrices

The gelling ability of different types of carrageenans was applied to sustain the
drug release from the directly compressed matrices alone or in combination with
other co-excipients or release rate modifiers and outlined below.

6.5.1. IN VITRO DISSOLUTION & RELEASE KINETIC STUDIES

The key element to drug release from swellable matrices is the use of polymers
that will undergo transition from the glassy to the rubbery state, which is
characterized by a gel like layer, upon hydration by water. This transition should
occur fairly rapidly so that the drug has to pass through the viscous gel layer
before it is released (Nefurkar et al., 2005). The rate at which the drug is released
from the swellable hydrophilic matrices is determined by combination of one or
more processes such as hydration of the polymer that leads to swelling, diffusion
of the drug through the hydrated polymer, drug dissolution and polymer erosion
simultaneously.

100 :%

o 80

80 -

Gelcarin GP-379/911:MCC PH301
~0— M-101 (GP-379 100:0)
—O— M-102 (GP-379 75:25)
—— M-103 (GP-379 50:50)
~O— M-104 (GP-911 100:0)
—@— M-105 (GP-911 75:25)
—0— M-106 (GP-911 50:50)

40 -

% Glipizide release

20 -

0 2 4 6 8 . . 10 12
Time (h) '

‘Figure 6.39. Effects of Gelcann type and Gelcarin : MCC PH301 ratio on the ghpxzude
release profiles.
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Different carrageenan types were checked for their performance to sustain the
glipizide release from directly compressible matrices. The batches M-98 to M-100 B
- were prepared with k-carrageenan (S. D. Fine Chem) but all the preparedpowde'r
“mixture characteristics were beyond the limits for good compressibility and flow
properties (data not shown). The matrices tried to prepare and resulted in
hardness of less than 2.5 kg/lcm?, some of them also resu!ted in excessive
capping and not included in further study. i
Figure 6.39 depicts the effects of Gelcarin GP-379 and Gelcarin GP—911 on the
glipizide matrices prepared with Gelcarin and MCC PH301. The -premature -
disintegration and complete release within 20 min for matrices contammg
- Gelecarin 911 (K-carrageenan M-104 to M-106, Figure 6.39) was due to very rapid
“hydration of the gelling polymer particles in the dissolution media to form gel layer
which is rigid and brittle. It was not able to maintain its integrity .on rapid and
* excessive hydration. Moreover, in presence of water insoluble MCC PH 301, thé
isolated pockets of gelcarin aggregates could have assisted the disintegration of
the tablets due to localized wetting and the formation of a discontinuous gel layer
(Wan et al,, 1993) This consequently led them to behave as disintegrants rather
than as release retarding polymers. Similar observation have been supported by
other researchers (Nerurkar et al., 2005). i ‘
At the samé time, Gelcarin GP-379 (-carrageenan) containing matrices (Figure
6.39, M-101 to M-103) forms elastic and cohesive gels upon hydratidn, that can
. maintain its network in the presence of MCC PH301 also and sustained glipizide”
release up to 7-9 h.depending on the gelcarin : MCC ratio. Hence, Gelcarin GP-
379 was further studied with other polymers and cations. Results of dissolution
curve fitting into different drug ‘release models, kinetic constants, MDTso and
MDTg have been summarized in Table 6.7. The in vitro dissolution profiles of
matrix with only Gelcarin GP-379 fits into zero order kmetlcs The addition of
MCC PH102 changes the release profile from zero order to Korsemeyer-Peppas
type (M-101 to. M-103). The drug release from these matrices is mamly by super
- case |l transport mechanism (n>1)as shown in Table 6.7. :
Presence of HPMC gave synergistic effect on the viscosity of,the‘Geléarin GP-
379 gel formed, and its effecté can be seen on the re!ease profiles of M-107 to M-
109 (Figure 6.40). M-107 and M-108 batches maintained the linear drug release
up to 11 h, but Gelcarin GP-379 : MCC PH301 at 80:30 ratio (M-109) produced
extremely viscous hydrogel that allowed only about 10% glipizide to be released
" within 12 h. Since the sulfated groups containing carrageenans are anionic in
nature, they ‘have a tendency to interact with nonionic HPMC, resulting in an
increase in the gel viscosity. Nerurkar et al has also reported similar observations
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Flgure 6.40. Eﬁects of KCl, Protonal LF 120M and Starch 1500 on the glipizide release
profltes from the Gelcarine GP 379 : HPMC K4M matrlces :

(Nerurkar et al.,, 2005) Moreover, ionic lnteracttons between anionic sodium
carboxy methyl cellulose and HPMC as well as Carbopol and HPMC have also
reported by other sc:ent:sts (Rao et al., 2001; Samani et al., 2003) The ability of
Gelcarin to form hydrogen bonds with- ‘the hydroxyl groups ‘of HPMC led to a
synergistic effect on gel vxscossty that oouid better contro! the release of active
drug by its resistance to erosion. - b

The effects of Protonal LF 120M, Starch 1500, and morgamc salt KCI on the
Gelcarin GP-379: HPMC K4M matrices behawor was mveshgated and the results
are depicted in Figure 6. 40 (M-110 to M- 112) All of them had a beneficial effect ,
on the viscosity of the matrices and thereby contributed on the glipizide release.
M-110 gave initial hlgh release due to good aqueous solubmty of KCI, while in M-
111 batch Protonal LF 120M promoted the quick gelling of HPMC - by ionic .
interaction. This led to rapld entry of water molecules into hydrated Iayer before
glipizide started to diffuse out from the gel; hence, lag phase was observed
“during first hour later on drug released. continuously. Addmon of starch (M-112)
showed its dlsmtegranon effect as discussed earlier and gave comparatzvely,,
rapid release (complete drug release within 6 h). Except M~109 best fit mode! for -
in vitro drug release of thls group matnces was zero-order (Table 6.7).
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Figure 6.41. Effects of Gelcarin GP-379 : KCl ratio on the glipizide release profiles.

The complete glipizide release was observed within 5-8 h, at the different ratios
of Gelcarin. GP-379 : KCI studied as shown in Figure 6.41 (M-113 to M-117).
Gelcarin-379 : KCI ratio at 70:40 (M-113), glipizide release was linear and
- followed zero-order kinetics {Table 6.7), but increase in gelcarin content produce
more viscous gel and hence, increase the resistance for drug diffusion, which led
to slow initial release. At fixed Gelcarin GP-379 : KClI ratio (same as M-133), as
the total polymer blend was increased, glipizide release rate was aiso increased.
This can be explained that on contact with dissolution media, as water start to
penetrate into the matrix to form ‘the gel, water dissolves KCI and creates
channels from which drug-can easily diffuse out. Moreover, apart from gelcarin
GP-379 . KCI gelation, the dissolved KCI within the gel layer changes its
viscosity, porosity, gel structure, tensile strength also. This later effect is more
pronounced as compared to gelcarin GP-379 : KCI gelation, which resulted in
higher drug' release .and hence, lower MDTso and MDTg, values (M-115 to M-117)
at higher matrix loading. Thus’, in all cases, type and level of carrageenan present
in the matrix is a main drug release governing factor. In vitro dissolution data of
M-114 to M-117 fits: into Higuchi or Korsemyere-Peppas model. Depending on-
the  n value, glipizide release from these matrices varies from super case |l
" transport mechanism (n > 1) to anamolous type (0.5 < n < 1) as shown in Table
6.7. - o

i
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- 6.6. Eudragit Matrices

Eudragit L100 and Eudragit S100 were included in the direct compression
sustained release matrices to check their performance alone or in combination of
other co-excipients and inorganic salts. Moreover, their role in the drug release
mechanism was also studied by Kopcha model analysis, swelling study and SEM
analysis. :

6.6.1. IN VITRO DISSOLUTION & RELEASE KINETIC STUDIES

- Eudragit L100 is a methacrylic acid-methacrylate ‘copolymer with a free carboxyl
to ester groups of approximately 1:1. While Eudragit S100 is an anionic
copolymer of méthacrylic acid and methyl methacrylate at a ratio 1:2 between the
free carboxyl and the methyl ester groups. This difference makes Eudragit L100
hydrophilic and Eudragit S100 hydrophobic. The difference in the drug release
profiles of these polymer containing. matrices is based on this carboxyl :ester
group ratio. S

100
o 907
)
3]
Q2
2 .
D 60'_
9
N
2 ]
O 40 :
3 ) Eudragit:MCC PH301/HPMC K4M
] —— M-118 (L100:MCC 100:0)
20 1 ~O— M-119 (L100:MCC 75:25)
~f— M-120 (L100:HPMC 75:25)
1 —@— M-122(S100:MCC 75:25)
] —0— M-123 (S100:HPMC 75:25)
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~ Time (h)

Figure 6.42. Effects of eudragit types' and HPMC K4M or MCC PH 301 on the glipizide
release profiles.
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In vitro drssolutlon proﬁles for the matnces contammg both type of eudragrt alone
and with MCC PH301 and HPMC K4M are deplcted in-Figure 6.42 (M-118 to M-
123). Eudragit L100 due to its hydrophrlrc nature allows’ drssolutron media
penetration into the matrix to cause swelling and prepare hydrogel Only Eudragit
.L100 matrix can sustam the drug release up to 5.5 h (M-118).. Eudraglt L100 also
contributes _slgnlflcantly in drug release by polymer partrcle erosion, which is
characterized by erosion of partially swollen polymer particles. Unlike the
classical eroding tablets, which dissolve completely during the dissolution test, a
turbid solution or suspension is formed during the drug - release study of tablets
~ showing polymer -particle ‘erosion. Lindner ét al. and Zuleger et al have also
noticed this special type of polymer parncle erosion controlled drug delrvery with
Tylose, a methyl hydroxyl ethyl cellulose (Lindner and Lippold, 1995; Zuleger and
Lippold, 2601) Addition of MCC PH301 (M-119) causes slight increase in the
overall drug release rate and results in lower MDTs, and MDTao as compared to
that of only Eudragit L100 matrices. The increased release rate is due to
~ swellable insoluble particles of MCC which promote dlsmtegratlon The Eudragit
L100 : HPMC K4M matrix (lVl-‘lZO) can successfully sustain the drug release over
12 h (Figure 6.42). HPMC and eudragrt both are hydrophrlrc in nature and
absorbs aqueous medrav readzly,_causes swelling of the polymer and controls the
drug release linearly by forming hydrogel. In contrast to ‘HP;;MC-MCC matrices
(drug release is combi_natidn of diffusion and erosion), this matrices releases drug
solely by eudragit'polymer particle erosion. Visual observatioh of the dissolution
process showed the insoluble particles suspended in the dlssolutron media. The
kinetic constants for different models with the regressnon coefﬂments are
. summarized in Table 6.8 and the best fit model for the release proflle for these
~ three batches (M- 118 to M-120, Table 6.8) was zero order.: Batch M-120 was
. found to be op’nmrzed one as it passes- dissolution constramts at all time points -
and studied further for characterization of swelling behavror Eudragrt S100 has
poor compressrbrlrty (1, value below 4) and the batch contamrng this polymer

- .alone (M- 121) was dlffrcult to compress resulted in tablets wrth hardness of less

than 3 kg/cm? at maximum compression force (hence no drssolunon data for this -

batch). The' presence of MCC* PH301 or HPMC. K4M lmproved the powder
mixture charactefistics and matrices with  acceptable hardness could be
produced. Both the batches (M-122 and M- 123) completed the dlssolutron study
within 1 h and not satlsfred their ability to sustain the drug release as shown in

Figure 6.42. Similar fmdmgs have been reported by Colo et al (Colo et al., 2002). ’

‘Further the eudragit L100. ‘was combined with other excrprents such as lactose,
Starch 1500, Protonal LAF 120M and chltosan to mvestlgate whether any
_ combmatron of these polymer-excrplent can control the drug release or not.
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, ; Eudragit L100 combinations -
100 { —+ M-124 (Eu:HPMC:lactose 50:40:10)

] —O— M-125 (Eu:HPMC:lactose 40:40:20)

1 —&— M-126 (Eu:HPMC:starch 50:40:10).

éo 1 —0— M-127 (Eu:HPMC:starch 40:40:20)

3 ] —@— M-128 (Eustarch:chitosan 40:40:20)
g 1 —©— M-129 (Eu:starch:Protonal 40:40:20)
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Figure 6.43. Effects of different polymeric ,combinatioris with eudragit L100 on the
glipizide release profiles. ) ‘

Different Eudragit L100 combinations were compressed into the matrices and
their cumulative dissolution profiles are shown in Figure 6.43 (M-124 to.M-129).
-~ In¢lusion of water soluble lactose, promoted the entry of dissolution media into -
matrix by forming channels and thus with increase in lactose caused increase in
drug release by zero order (M-§24 and M-125, Table 6.8). As can be seen from
the release patterns, the addition of the starch (M-126) raised the initial glipizide
release and fitted the complete release profile within constraints, hence selected
as optimized. It follows Korsemeyer-Peppas release kinetics with non-Fickian
(anomalous) release mechanism as shown in Table 6.8. The eudragit, carboxylic
group containing polymer, reacted withi cationic chitosan (M-128) to provide
highly viscous matrix structure, which. hinders polymer partidle erosion of the
eudragit molecules and ultimately released hardly about 40% of the active drug
within 12 h. In contrast to this,iwheh chitosan was replaced by negatively charged
Protonal LF 120M (M-129), complete drug was released within 10 h. This can be
reasoned that repulsion of the like Chargés of carboxylic groups of eudragit and
alginate, which moves apart each other, generally known as swelling. Therefore,
because of rapid hydration, more dissolution media.enters the matrix to cause
' over-hydration and promoted eudragit particle erosion, and thereby increased
drug release. - ' ‘ '
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6.6.2. CHARACTERIZATION OF OPTIMIZED FORMULATIONS

“In the group- of all eudragit matrices (M-118 to M-129),,batdhes M-120 (Eudragit

L100 : HPMC K4M at 75:25) and M-126 (Eudragit L100 : HPMC K4M : Starch
1500 at 50:40:10) were the optimized batches and were studied further for
thoreugh understanding of drug. release kinetics by Kopcha model, swelling
study, and SEM analysis.

6.6.21.  Release Mechanism by Kopcha Model

Both ‘the. matrix tablets (M-120 and M-126) showed similar drug release
mechanism according to Kopcha Model Figure 6.44). It showed that there was a
predominance of erosion through out the release profile. Initially up to 3 h, the
erosion term increased as Eudragit L100 swells continuously. However, after this
period, HPMC forms hy&rogel ‘and slow down the erosion. Consequently,
marginal rise in diffusion term was also observed in the terminal phase due to.
diffusion through HPMC hydrogel. However, the magnitude of diffusion was far
less than the erosion. Th:s observatlon further supports the polymer particle
erosion theory of Eudragit L100 matrices.

’ : . M120 12
—~o— A (Diffusion term)
—a— 8 (Erossion term) 1

M-126
© —o— A (Diffusion term)
—o— B (Erossion term)

Time (h) . o Time (h)
Figure 6.44. Kopcha model parameters A (diffusion term) and B (erosion term) as a
function of time for M-120 and M-126 formulations.

6.6.22. Swelling'Study

Results of water uptake, axial and radial expansion for M-120 and M- 126 are
depicted in Figure 6.45 and Flgure 6.46, respectively. Water uptake and axial as

- well as radial expansion for M-120 was highest at 3 h. All three parameters

declined contmuously after 3. h. These observations are .in accordance to the
Kopcha model results The HPMC hydrogei formed in this case was not

i
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Figure 6.45. Percent water upiake, axial, and radial swelling results for M-120

formulation (Eudragit L100 : HPMC K4M at 75:25). _ N

sufficiently elastic to hold the eroded particles within the hydrogel. Hence, the
eroded polymer particles were suspended in the dissolution medium during in
vitro dissolution study. This phenomenon was responsible for gradual reduction in
matrix size as can be seen in the photographs shown at the top of Figure 6.45.

" For the matrix tablet M-126 containing Eudragit L100 along with HPMC K4M and
Starch 1500, comparatively more elastic hydrogel was formed because of the
synergistic interaction of starch and HPMC (discussed earlier). However, ‘this
hydrogel is not strong enough to restrict the erosion completely but it reduces the
magnitude of erosion slightly. The outer most layer of this hydrogel has a
capacity to imbibe large amount of water and can suspend the eroded polymer
particles. before released into dissolution medium (the last photograph at the top
of Figure 6.46). Erosion phenomena can be predicted from the decrease in radial
swelling. The continues rise in axial swelling and water uptake can be explained
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by more. elastis “hydrogel formation at the surface. Near to end of release profile,
diffusion contnbutron of drug release increased and become almost equal to
erosuon due to the hydrogei format:on *

ot
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Flgure 6.46.. Percent water uptake, axial, and rad:al swelling results for M-126
formulation (Eudragit L100 : HPMC K4M : Starch 1500 at 50:40:1 0).

6.6.2.3. - SEM Study
Surface morphology. of M-120 at different magnification after 12 h dissolution is
shown in Figure 6.47. From the above discussion, it is evident that the release

was due to erosion of Eudragxt matrix and eroded (rough) surfaces can be seen
clearly in the mlcrographs
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Figure 6.47. Scanning electro
magnifications.
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n micrograph of M-120 after 12 h dissolution at differen

’

Scanning electron micrographs for surface characteristics of M-126 at different
magnification after 12 h dissolution are displayed in Figure 6.48. As can be seen
from micrographs, the surfaces of M-126 batch was smoother than M-120 batch.
As discussed earlier, formation of 'mor‘e elastic hydrogel and almost equal
magnitude of erosion and diffusion at the end of 12 h dissolution, might be
responsible for slightly smooth surfaces. ‘
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Figure 6.48. Scanning electron micrograph of M-126 after 12 h dissolution at different
magnifications.
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6.7. Sodium Alginate\ Matrices

Generally, in the presen\cefof aqueous medium, alginate molecules hydrate. The
dissolved molecules are not completely flexible, -rotation around the glycosidic’
linkages in the G-block regions is somewhat hindered, resultlng in a stiffening of
" the chain. ln addition, this solution of stiff macromolecules is highly viscous
because of the physrcal gel formed by hydrogen bondrng (Handbook of.
Pharmaceutical Excrplents 1986).

Batch M-130 was prepared with the sodium algrnate Carbopol 931P at 50:50
ratio, but due to, the poor compressibility of the sodium alginate powder (S.D.
Fine Chem),. compressron of tablet powder mixture yielded no‘tablets. Matrices of
sodium algmate (8. D. Fme chem.) and disodium hydrogen phosphate (DHP)
with carbopol and' HPMC K4M were prepared to check. whether any combination
can synerglstrcally increase the viscosity of the gel upon hydratron or not. The
 release profiles are shownin the Figure 6.49 (M-131 to M- 135) It is obvious from
the release data for M- 131 that the pattern of release protrle 4is similar to that of
'M-83 (Carbopol 931P:MCC PH301). It indicated the Carbopol 931P played a
significant role in" controlling the glipizide release may be due to lts higher
_proportion as compared to sodium alginate. When sodium algmate content is
increased with inclusion of.DHP (M-132), all the glipizide was released within 4 h.

This can be . attributed to the good solubility-of DHP, which; easrly dissolves in
~ agueous medrum and leaves the matrix by forming channels through- which
glipizide can’easily diffuse;out. Moreover, sodium alginate changes the structural
properties of negatlvely charged carbopol gel by providing free carboxylic groups,

that causes; repulsion between both negatlve charges and resulted in more
swellrng of gel. This loose gel structure has tendency to get dissolve/erode
rapidly in continuously rotatmg dissolution medlum and gave complete drug, ‘
release within 4 h. : - -
Matrix ‘system containing sodlum algma’re HPMC K4M at 75 25 ratio M 133) A
- resulted in ’complete drug,release before 2 h, while reverse ratio (M-134)
‘sustained the glipizide release up to 6 h. This indicated that.the presence of

- sodium_alginate significantly changes the hydrogel structure, viscosity, and
tensile strength of the HPMC -K4M. Algln‘ate;: swelling‘causes, rapid hydration of

the matrix system, increases the porosity of the matrix dd'e to excess water

. . penetration and crosses . the disentanglement concentratlon of the. polymer,

~ above whrch the hydrogel starts to erode-easily and results in: hrgher drug release
‘ 'ra’re With the same HPMC K4M level, the drug release for M 135 was extended
: up to 3 h 'as compared to that of M-133, This may be the result of gelation of
alginate in the presence of cations to produce more viscous gel which hinders
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Figure 6.49. Effects of sod§um alginate : carbopol/HPMC K4M : -DHP ratio on the
glipizide release profiles. : '
‘thedrug release. Except from batch M-131, all other bathes from M-132-to M-135
follows zero order release.

The Protonal LF 120M was combined with HPMC K4M to study the ability of the’
matrix system to sustain the drug release. As shown in Figure 6.50 (M-136 to M-
138), the presence of HPMC K4M quantity showed no significant difference in
their release profiles. This ensures the dominant role of Protonal LF 120M on the
* glipizide release. All three bathes followed zero order release kinetics (Table 6.9).
Alginates contain various proportions of mannuronate and guluronate monomers.
To form a gel, alginates must contain a sufficient level of guluronate monomers in
a block to react with divalent calcium cation, Ca®*. Regions of the guluronate
monomers in one alginate molecule can be linked to a similar regions in another
alginate molecule by means of calcium or other cations. The divalent calcium
cation, Ca®*, fits into the guluronate block structure. This binds the alginate
polymers together by forming junction zones,.resulting in gelation of the solution. :
Therefore, to add to the understanding of the formulation possibilities, a system
containinig a poly anionic polymer (Protonal LF 120 M) and cationic polymer or
inorganic ionic salt (chitosan, calcium gluconate, or dibasic calcium phosphate
-(DCP)) mixtures have been assessed in terms of their ability to produce matrix.
tablets and their drug release performance is depicted in Figure 6.51 (M-139 to

’
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Figure 6.51. Effects of Protonal LF 120M : DCP/caicium gluconate/chitosan ratio on the
glipizide release profiles. '
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M-144). As seen from the figure, it is clear that both the calcium salts and
chitosan caused gelation of alginate and prolonged the glipizide release
depending on the alginate to salt/chitosan ratio used. However, none of the
system could extend the drug release more than 5 h, it can be expected that the
increase in polymer loading of the matrix can sustain the drug release further.
"~ For, M-140 to M-142, as the calcium glucona{e concentration increases, the
release profile changes from matrix to Korsemeyer-Peppas to zero order release
kinetics. Preformulation batches with chitosan (M-143 and M-144) followed zero
order release pattern Table 6.9. ' -

6.8. Stability Studies

All the optimized batches were subjected to accelerated stability study (40 = 2°C /-
75 = 5% RH) according to ICH guidelines. 6 month accelerated data for the
optimized formulations showed negligible change over time for the parameters
like appearance, weight variation, thickness, hardness, and drug content. The
similarity factor ( f,) was calculated by a comparison of the dissolution profile at
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Figure 6.52. Extrapolation of accelerated stability study for determination of shelf-life for
M-3 formulation. . - - o
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each‘time points with the control at the initial condition. The f, factors obtained.
~ ranged from 84 to 96, with a 2 to 7% average difference, and the formu!ation.s

were found to be stable. Evaluation of shelf-life was carried out as per the ICH
Q1E Step4 (Evaluation of Stability Data) guidelines for the drug substances
Jintended for room temperature storage. Long-term and accelerated stability data

showed little change ‘over t:me so the shelf-life up to twice the length of available

tong-term data can be proposed Extrapolat:on of the shelf-life beyond the length
of available long-term data can be proposed. For this, an approach for analyzing

the data on a quantitative"aﬁribute that is expecie’d to change with time is to

determine the time at which the 95% one-sided confidence limit for the mean
curve intersects the écceptance criterion (not more than 5% change in assay .
from its initial value) can be accepted. The accelerated stability data of the
developed formulations were linearly exirapolated (zero-order Kkinetics) to
calculate the shelf-life. Shelf-life for M-3, M-25, M-70, M-75, M-84, M-120, and M-
126 were found to be 2.84, 2.91, 2.69, 2.78, 2.59, 2.97;, and 3.12 years,
respectively. The linear extrapolation of acceletated stabmty data for M-3
formulation i is shown in Flgure 6 52. »
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7.‘NATEcL|N|_D'E MATRICES

Based on the previous expenence of unique properties of different polymers and
excipients investigated and their role in the cumulative drug release kinetics,

following few systems were tried to - develop sustained release matrices of -
_nateglinide. All nateg{mrde formulatrons contain 180 mg of nateghmde 2 mg of
aerosrl and 4 mg of magnesium stearate.

7.1. HPMC-MCC-Slarch Matrit:es

~ Both the HPMC  KaM and MCC PH301 _possess the direct .compression
properties. As we have seen earlier, the mixture of the's'e two polymers resuited in
a unique matrix  system- that can sustain the drug release via combined
mechanism of drffusron and erosion dependmg on the polymer ratio used. The

'hydrophrhc matrix tablets of high dose drug — nateglinide were tried by varying
the HPMC K4M to MCC PH301 ratios. and also drug to total polymer ratio. The
formulation was optrmrzed to target the continuous drug delrvery up to 12 h, with

~ minimum polymer levels and without any risk of burst effect or lag phase due to
~ low or high polymer !oadmg in the matrices.

71.1. IN VITRO D]SSOLUTION & RELEASE KINETIC STUDIES

The influence of the different HPMC grades on the cumulative nateglinide release
from HPMC' :.M¢C PH301 (25:75) hydrophilic sustained release matrices is
represented in Figure 7. 1'(J -1 to J- -8). The drug release phenomenon can be .
explained as drscussed earlier in glipizide matrices. In each grade for a fixed
polymer level, the vrscosrty of the particular polymer selected governs the
performance of ‘the matnx by affecting  the diffusional and mechanical
characteristics of the gel. Briefly, the drug release rate decreased in the rank
order K4AM>K15M>K100M: due to their increasing molecular weight and ability to
produce more viscous gel barrier that increases the resistance for the drug to -
diffuse out of the matrix. Normal grade HPMC (#40 sreve) differs from the
controlled release' HPMC CF{ grade (#100 sieve) in their parhcie size only and
influences the polymer performance of hydrophilic matrix. systems The smaller
particle size have more surface area relative to equivalent weights of fractions .
with larger pamcle size, that . provides for better polymer—water contact, thus
increasing the overall rate ‘at which complete polymer hydratron and gelation
occurs. Thrs,!eads" to the more effective formation of the protective gel barrier so
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critical to the performancé of hydrophilic. mat'rix‘ tablets. From the Figure 7.1, it
can be seen that controlled release grade HPMC CR swells immediately upon ‘
hydration, the water penetrates the matrix, dissolves nateglinide and starts to
diffuse out, which resuits in initial high drug release. Nevertheless, once the gel
-garns enough viscosity, it becomes too much tortuous, and the diffusion path
length increases, that srgnrfrcantly decreases the drug release rate (compare thé '
dissolution profiles of J-4.with J-7 and J-2 with J-8) ‘at the end of dissolution
study. In contrast to this, .normal grade HPMC can marntarn the constant drug
release rate until the matrix reaches drsentanglement concentratron and
dissolves completely. HPMC KaM normal grade results in srm:lar profile mrtrally,
and maintaining constant drug delrvery upto12h and hence was selected for all
further studies. At higher compression force (and thereby ’hlgher hardness), drug
diffusion is rmpazred greatly due to decreased porosity of matrix, reduced water
penetratron -and ‘matrix hydration ' as dlscussed earlier. The reduction in
cumulative drug release from HPMC K4M : MCC PHS301 matnces shown in .
Figure 7.2 can also be explamed on this basis. Among the group of J-1 t0 J-8
batches, Hixson-Crowell was the best fit model for J-1 and JiG, while. the rest of
batches followed Korsemeyer-Peppas release kinetic model. The drug release
was govemed by non~frckran anomalous transport mechamsm for all batches (0.5
<n<A1, Table71) . .

Moreover, MCC is one of the most compressrble dlrect-compressron fillers and
has the highest dilution potentlal This can be’ explained by the nature of the
microcrystalline particles themselves, which are held together'by hydrogen bonds
between hydrogen groups on adjacent-cellulose molecules and accounts almost
exclusively for the strength and cohesiveness of compacts. When compressed
" the MCC particles are deformed plastically due to the extremely large number of
clean surfaces brought in contact durlng the plastic cleformatlbn and the strength
~ of the hydroge'n bonds formed (Shangraw, 1989) It has extrer'nely fow coefficient -
of friction (both static and dynamlc) ‘and therefore has no lubncant requrrements
itself. S i ~ ' :
" If the polymer level is too low, a complete gel layer may not form (Cheong et al.,
1992). Because hydrophllrc matrix tablets containing HPMC absorb water and
’swell the polymer level rn the outermost hydrated layers: decreases with time. -
The outermost layer of the matrix eventually becomes drluted to the pornt where
individual chains: detach from the matrix and diffuse into the bulk solution. The

polymer chams break away from the matrix when _ the surface concentratron

passes a cntrcal polymer concentration “of macromolecular drsentanglement
(Harland et al., 1988; Bonderonr et al., 1992; Ju et al, 1995) Effect of slower
" release for hrgher polymer levels is due to the longer penod of time required to -
reach. the. disentanglement concentration at the tablet surface which in turn.
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- eqtiates to greater resistance to surface erosion. There is a threshold level of
retardation of drug-release rate that is achievable, where a further increase, in
polymer loading does not result in further decrease in drug-release rate. This is
because drug release does not result solely from polymer erosion, but also from
drug diffusion through the hydrated polymer layers. Thus, polymer loading can
also significantly affect the wetting time, hydrogel structure, its integrity, and
mechanical strength. Hence, matrices with different drug : polymer ratio at
different loading were also prepared and the changes in nateglinide release

 patterns are depicted in Figure 7.3 (J-9 to J-16). . :

The decrease in drug release rate from J-9 to J-14 is because of increase in
- HPMC content, and hence.it decreased burst effect. The use of water insoluble -
micrOCrystalIine cellulose as the tablet excipient also partly contributed to the
prevention of the tablet matrix from disintegrating. Each MCC microfibril is
cdmposed of two areas: One is the paracrystalline region, an amorphous flexible
mass of cellulose chains, and the other is crystalline region, which is composed
of tight bundles of microfibrils in a rigid linear arrangement. On contacting water,
the amorphous regions swelf rapidly due to the rapid passage of water into the
compact ‘and the instantaneous rupture of hydrogen bonds (Shangraw, 1989).
While the denser crystalline domains pre\)ent the complete dissolution of the

1004 -

J-9 (60:240-300) H=5.5
—O— J-10 (60:240-300) H=7.5
—o— J-11 (62.5:187.5-250)
—O— J-12 (50:200-250)

—@— J-13 (50:150-200)

—@— J-14 (40:160-200)

—w— J-15(37.5:112.5-150)
—&— J-16 (50:60:90-200) Starch

HPMC (K4M):MCC (PH301) Combinations

% Nategli‘nide release .

0 2 4 8 8 10 12
| ' “Time (h) | |
Figure 7.3. Influence of HPMC K4M : MCC PH301 ratio at different polymer loading on

nateglinide release profiles. ' ' '

-
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matrix due to its limited interaction with water (Picker, 1999; Durig and Fassihi,
2002). In case of J-15, overall the matrix loading is reduced such an extent that
HPMC quantity in the matrix was not sufficient to prepare cohesive gel and
therefore, nateglinide suffers less resistance to diffuse through the loose gel
formed. This ultimately results in higher drug release as compared to J-14 & J-15.
As discussed earlier, Starch 1500 actively contributes in the hydrogel formation
with HPMC and results in almost liner drug release for J-16. In this group of
matrices, except J-13 and J-14 (which followed Hixson-Crowell model), all other
baiches best fit into Korsemeyer-Peppas drug release kinetics with non-fickian
anomalous transport mechanism (Table 7.1).

71 2. CHARACTERIZAT!ON OF OPTIMIZED FOEMULATIONS

~ From J-1 to J-18, in vitro dissolution of batch J-11 and J-16 passes all the
constrains defined previously and studied further for their swelling behavior and
SEM analysis to confirm the relative contribution of diffusion and/or erosion by
Kopcha model. ’ ‘ '

7.1.2.1. Release VMecHaﬂnism by Kopcha Model

Overall dissolution profiles of the hydrophilic matrix formulations 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 fitted into Kopcha model to understand the proportion of
the drug diffused from the matrix or drug released by erosion of the outermost gel
layer and results are shown in Figure 7.4. As seen from the figure for J-11,
throughout the dissolution study, ratio of A/B > 1. It suggests diffusion term: is
highly predominant in this case. However, the erosion term increases initially up

207 J-16

—Oo— A (Diffusion term)
—a&— B (Erosion term)

15

311
~—0— A (Diffusion term)
—&— B {Erosion term)

10

AfB
@
- AlB

o 2 ‘ 6 s - 10 S 12 0 2 VR s 10 12
.. ~ Time() Time (h)
Figure 7.4. Kopcha model parameters (A and B) versus time profile for J-11 and J-16
formulations, respectively. :
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to 4 hour, it is not as significant as diffusion. Initially until the water molecules
_penetrate the matrix core’ and ‘prepare hydrogel strong enoUgh to control the

diffusion of nateglinide, drug is.release form the matrix surface easily by erosion

due swelhng of insoluble MCC PH301.  Nevertheless, once hydrogel gains -

enough viscosity, it controls drug release mainly by diffusion.

In case of J-16, slight lower level of HPMC as compared to J-11 and presence of
starch 1500 (because of swelling power of amylose content) as well as insoluble
MCC PH301 results in A/B < 1 up to 7 hour. Later on HPMC hydrates completely

and hydrogel gain enough viscosity to possess control over furictionality of MCC -

- and starch, hence nateglmxde release mainly by. diffusion (A/B > 1, Figure 7.4).
However, from the figure one can see that the difference in magnitude of the
diffusion arid erosion terms is almost equal throughout the dissolution study. In
short, the drug release in this case is combination of diffusion and erosion where
initially erosion prevails slightly and later on diffusion predominates. '

74.22.  Swelling Study

The behavior of the gel Iaﬂler, formed‘aroundvtvhe hydrophilic matrices after water
- uptake, is of major ‘importance for the drug release \proﬁies The structural
features of the gel !ayer are related to the kinetics and mechanusm of both water
uptake and drug release Hence, the. kinetics  of tablet swellmg were also
investigated .and oorrelateq to drug release. The results of water uptake as well
as radial and axial swelling for J-16 are enumerated in'Figure 7.5. As the matrix

comes in contact with water, water. starts to- penetrate inside, percent water
uptake rises, with axial and radial swelling .of tablet up to 3 hour. This is the time -

taken by matrix system to get hydrated completely. Simultaneously erosion of

surface MCC PH301 and Starch 1500 molecules before HPMC hydrates
completely is responsrble for initial drug release. The water uptake, axial and
radial swelhng remains almost constant up to 6 hour. Then radial swelling
decreases gradually (whrch can be seen in the photographs. also at the top of the
Figure 7.5) but axral swelhng still increases until end of the study ‘This. resulits in
minor reduction of water uptake rate. Anlsotroprc swelling. (more swelhng in the

longitudinal drrectlon than:in the radial drrec’uon) was seen for HPMC containing ‘

nateglinide matnces Similar phenomena dunng the swelling of HPMC compacts
were observed by Papadimitriou et al. (Papadimitriou et al., 1993; Brabander et

al., 2003), who related the axial relaxation of the HPMC compacts to the relief of
stress induced during compac’aon ‘and the - unrdrrectronal swelling to the
‘orientation of molecules during compressxon Thrs corresponds with continuous
mcrease in drug d!ffusron in Kopcha model study '

i
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Figure 7.5. Percent water uptake, axnai ‘and radial swelling results for J-16 formulation
(HPMC K4M : MCC PH301 : Starch 1500 at 50:60:90).

7.1.23.  SEM Study -

Since the rate of swelling and erosion determines the mechanism and kinetics of
drug release, the surface analysis of matrices was carried out at the end of the
dissolution study. Figure 7.6 depicts the surface images of J-11 after in vitro
dissolution at different time points giving idea about the progress of hydrdgel '
formation. It can be clearly ‘seen that on hydration, the surfaces of the tablets
showed the 'formatioh\of a smoother gel due to: the polyrﬁer're!axation upon
absorption of water. Further, the matrix surface showed smaller pores, which
would probably explain the routes for the drugs to travel within the body of the gel
iayér and finally diffuse out. This supports the results of Kopcha analysis that
diffusion of the drug is predominant drug release mechanism for J-11."
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(e)J-11at12h

| (c)J11 at6h . - : :
Figure 7.6. SEM photographs of J-11 tablet surface aﬁer in vitro dsssolutuon at dn‘ferentl

time pomts ‘

i

It is clear from the Figure 7.7 (a-c, & f), that the surface morphology'is rough
initially upto 6 h compared to that after 6 h (thure 7.7 (d- e)) The micrograph
showed that there was a formation of- viscous gel after 6 h'and controlled the
release through dn‘fusson “The mechamsm for drug release upto 6 h might be

i
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erosion of matrix tablets. Moreover, the pores on the surface, as visible in Figure
7.7 (c &f), are bpening of the channels through which drug has diffused out. The
observations are in accordance with the results of swelling study and ‘Kopcha
model analysis. '

(c)J16at6h \ ‘ : (f)J 16at6h(3000X)
Figure 7.7. SEM photographs of J-16 tablet surface after dlssolutlon at different time
pou‘nts. Micrograph (f) taken after 6 h dissolution showed pores at high magmftcat;on.

[ > .
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7.2, Ethyl Cellulose & Carbopol Matrices

Ethylcellulose is hydrophobic in nature and when used with‘HPMC, it retarded the
“penetration of the dissolution media into the ‘matrix, that resulted in initial
suppression of the drug release rate (as seen in glipizide matrices of EC-HPMC).
To overcome this situation, a polymer that can swell upon hydration and thereby
improve - the initial drug release kinetics is desired. From the results of the
different polymer contribution on the dfug release discussed in glipizide matrices
section, MCC can be expected to fulfill the criteria. Hence, the EC 7FP Premium :
MCC PH301 matrices were prepared and their in vitro dissolution results are
discussed below. |

7.2.1. IN VITRO DISSOLUTION & RELEASE KINETIC STUDIES

In vitro- nateglinide release profiles for EC 7FP Premium : MCC PH301
combinations (J-17 to J-20) are enumerated in Figure 7.8. lt is obvious from the
figure that, as the total polymer content of the matrix decreases (J-17 to J-19), ‘
the hydrated layer due to MCC forms less viscous gel, which promotes the

o ] EC 7FP : MCC PH301Combinations
100 1 —o— 4-17 (60:40-250)
—O— J-18 (60:40-200)
—A— J-19 (60:40-175)

9 80 1P —0— J-20 (50:50-200)

o .

2

o

e E

O .

§ 60;

=

=2

g

T 40 -

Z 4

R
20 -
15¢
0"“I"'"9""!"‘/'1""!""
0 2 4 6 .8 10 12

Tlme(h)

Figure 78 Influence of EC 7FP Premium : MCC PH301 ratio at different polymer
loading on nateglinide release proﬂ{es

i
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~ mobility of the water molecules within the gel network of MCC and hence, the
dissolved drug can easily diffuse out. This ultimately resulted.in lower MDTso and-
MDTgp values, as depicted in Table 7.2. As per the hypothesis applied, inclusion
of MCC PH301 in EC 7FP Premium matrices increases the initial drug release,
but still none of these three batches showed complete drug release within 12 h.
EC is hydrophobic polymer, which restricts the entry of water molecules into the
matrix, and thereby controls the swelling and gelling property of MCC. Reducing
EC/MCC ratio (J-20) resulted in more hydration and swelling of MCC. This alters
the integrity and tourtosity of the hydrogel and promotes the nateglinide diffusion.
" The drug' release profile of this batch was within the limits desired at all time
‘pomts and considered one of the optimized batch to study the release
mechamsm in further detail using Kopcha model, sweihng study and SEM
analysis. The dissolution profiles of J-17 to J-19 best fits in to Haxson-Crowell and
first order release kinetic models, while batch J{ZO follows Korsemeyer-Peppas
release kinetics. All these formulations releases the nateglinide via non-fickian
anomalous transport mechanism (0.5 < n < 1, as shown in Table 7.2). As the
EC/MCC ratio decreases, the drug release kme‘nc shifts from Hixson-Crowell to
Korsemeyer-Peppas model.
The carbopol polymer contams the acrylic acid backbone. The main d:fferences
are related to the presence of a comonomer and the cross-link dens:ty. Figure 7.9
summarizes the percent nateglinide release as a function of dissolution time for
the Carbopol 934P : Eudragit L100 combination formulations. At the same total |
polymer level, the increase in carbopol conterit (J-21 and J-22) causes more and
more polymer chain gyration with increased radius of the gyration. This resulted
in highly swollen hydrogel and increased diffusion path length, which increases
the overall mean dissolution time of the system. Moreover, eudragit also
contribute significantly in drug release by polymer particle erosion, which is
characterized by erosion of partially swollen polymer pamcles Unlike the
classical eroding tablets, which dissolve completely during the dissolution test, a
turbid solution or suspension is formed during the drug release study of tablets
showing polymer particle erosion. The visual observation of the dissolution
process revealed that J-21 show the lower extent of swelling due to lower
carbopol content) and more turbidity in the medium (due to higher eudragit
content) as compared to that of the batch J-22. Lindner et al. and Zuleger et al
have also noticed this special type of erosion controlled drug delivery with Tylose,
" a methyl hydroxyl ethyl ceflulose (Lindner and Lippold, 1995 Zuleger and
- Lippold, 2001). -
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: ] Carbopol 934P : Eudragit L100 Combinations
100 1 5 .21 (35:65-200) o

4 —O— J-22 (60:40-200)
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Figure 7.9. Influence of Carbopol 934P : Eudragit L100 : Starch 1500 / MCC PH 301
ratio on nateglinide release profiles.

Partial replacement of Eudragit L100 with Starch 1500 up to certain extent (J-23
as compared to J-21), can also result in almost similar release profile, and also
reduces the formulation cost. However, in case of matrices with Carbopol 934P
and Stach1500 (J-24), a polymer-polymer interaction occurs and Starch 1500
gave synergistic effect of ’drixg release retardation (like it actively contributes in-
the drug release kinetics from HPMC hydrogels). As seen from the in vitro.
release data for J-24, nateglinide release rate reduces to a considerable extent
after 3 h. Moreover, high carbopol content can also slow down the drug release
due to its highly cross-linked gel network. From this group of matrices, J-21 and
J-23 followed the constraint limits for their dissolution, considered optimized and
- studied further for thorough understanding and conformation of drug release
mechanism. Looking at the results of the drug release kinetics of different
modalities (Table 7.2) and formulation composition (J-21 to J-24), the best fit
~ model for dissolution profiles changes from Korsemeyer-Peppas to zero-order to
first order. Depending on the value n, these formulations release nateglinide
either by non-fickian anomalous or by supercase-ii ifansport mechanism.

"
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7.2.2. CHARACTERIZATION OF OPTIMIZED FORMULATIONS

From this group of matrices, three optimized batches, namely J-20 (EC:
Premium : MCC PH301 at 100:100), J-21 (Carbopol 934P : Eudragit L1
70:130) and J-23 (Carbopol 934P : Eudragit L100 : Starch 1500 at 80:80:40)
were subjected to further characterization.

7.2.2.1. Release Mechanism by Kopcha Model

Figure 7.10 enumerates the results of Kopcha model analysis for batches J-20, J-
21, and J-23, respectively. For J-20 matrix system, hydration of MCC results in
formation of hydrogel capable enough to control the drug release mainly by
- diffusion of the dissolved drug molecules. Initially up to 2 hour, MCC PH301
promotes release of drug by swelling of MCC and creation of channels through
which drug diffuses before firm gel is formed. Throughout the dissolution study

i J-20 J-21
—O— A {Diffusion term) 26 - A {Diffusion term)
15 o B {Erosion term) —&— B {Erosion term)
15 -
a ¥ ‘U/O/<)~—Q/<)/D/0\< o 1
h ; ‘a\a\ﬁ_.\ﬁ
/b\ 5
5 W%
0]
94 5
] 2 4 3 8 0 12 [ 2 4 6 8 10 12
Time th} Time ()
12 ]
19 4
\ \M\*M

AlB

J-23
o A (Diffusion term)
~—a— B (Erosion term)

4 ;’ ; é é 10 12

Time {h)
Figure 7.10. Kopcha model parameters (A and B) versus time profile for J-20 (EC 7FP
Premium : MCC PH301 at 100:100), J-21 (Carbopol 934P : Eudragit L100 at 70:130),
and J-23 (Carbopol 934P : Eudragit L100 : Starch 1500 at 80:80:40) formulations,
respectively.
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A/B is greater that unity and indicates that diffusion is the main drug release
mechanism from this ethylicellulose matrix.In case of Carbopol 934P : Eudragit |
L100 containing matrix system J-21 , as we have discussed earlier, Eudragit L100
causes nateglinide release by polymer particle erosion (can be seen in Figure
7.10 up to half course of dissolution). The carbopol swells in dissolution media
due to repulsion of like negative charges of carbopol molecules and it is time
dependent process. Complete hydration- of earbopol increases hydrogel viscosity .
and is mainly responsible for control of drug release by diffusion through the gel
during later half course of dissolution. Overall, the drug release is a.combination
of diffusion and eros;on where mmally erosion prevails followed by diffusion
predominance.

As seen in Figure 7.10 for J-23 erosion increases dunng initial 4 hour and then
declines gradually with rise in diffusion term. This can be explained on the basis
that amylose content of Starch 1500 absorbs water readily and induce swelling of .
- matrix before Carbopol 934P molecules uncoil completely to gain visco-elastic
_property. Moreover, the Eudrag:t L100 also supports the drug release by polymer
particle erosion.

7.2.2.2. Swelling Study

Since the degree of hydration is one of the factors determining the degree and
velocity of drug release from the hydrogel matrices, the relation between the
kinetic parameters of water penetration and the viscosity is a characteristic
indicator for the gel structure, the degree of swelling and the drug release rate
(Michailova et al., 2000). Hence, the kinetics' of tablet swelling was also :
investigated to get insight the drug release mechanism.

The photographs of J-20 matrix system at different time interval of swelling study
and the results of water uptéke, axial and radial swelling are depicted in Figure
7.11. In contact with dissolution media, MCC gets hydrated, swells, and forms gel
that controls diffusion of the drug throughout the dissolution study. Rapid
increase in axial and radial swelling with increase in water uptake during initial 3
h indicate hydrogel formation. The swelling remains almost constant up to 9 hour,
then radial swelling decreases gradually which can be seen in photographs also.
However, the increase in water uptake continues due to increase in axial swelling
(anisotropic effect like HPMC based matrices) because of the relaxation of the
stress induced during to compression of matrices.

In J-21, carbopol containing matrices, as shown in Figure 7.12, a continuous
increase in matrix height and diameter is seen. This is because upon exposure to
water, the polymer chains start gyrating and the radius of gyration becomes
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Figure 7.11. Percent water uptake, axnat and radial swelling resutts for J-20 formulation
- (EC 7FP Premium : MCC PH301 at 100: 100)

bigger and blgger which results in swellmg Dissolution medla of pH 6.8 causes
neutralization and lomzes the carbopol polymer generatmg negative charges
along the polymer backbone Reputs:ons of these like negatlve charges cause
the molecule to uncoil into an extended structure. This leads: to increase in water
uptake (around 600 % of its ongmat volume) continuously- and can be observed
clearly in the photographs of matrices at different time mtemals The dissolution
media penetrated in to matnx dxssotves nateghmcte and dxﬁuse it out. Initially up

to 6 hour, dn‘fus;on rate is lower untif matnx gets hydrated comptetely Then it
increases graduatly until the dxssotut:on ends This further supports the results of
Kopcha anatySIS This confirms the key rote of Carbopol 934P as a drug release
retardant in hydrophmc matnces ' ‘
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Figure 7.12. Percent water uptake, axial, and radial swélling results for J-21 formulation
" (Carbopol 934P : Eudragit 100 at 70:130).

The results of swelling study for J-23 are shown in Figure 7.13. The carbopé{
hydrogel are structurally different from other hydrogels. The hydrogels are not
entangled chains of polymer, but discrete microgels made up of many polymer
particles, in which the drug is dispersed. Since these microgels are not water
- soluble, they do not dissolve and erosion in the manner of linear polymers does
not occur. But, when the hydrogel is fully hydrated, osmotic pressure from within
works to break up the structure, essentially by sloughing off discrete pieces of the
hydrogel (Noveon Bulletin, 2002). These fully hydrated discrete pieces can be
seen clearly in photographs of 12 hour and 24 hour. The drug release governed
by the erosion of this gel are in accordance of the erosion predominance
suggested by the Kopcha model analysis. '
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~ Figure 7.13. Percent \;vater uptake, axial, and radial swelling results for J-23 formulation
(Carbopol 934P : Eudragit L100 : Starch 1500 at 80:80:40).
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7.2.2.3. SEM Study

i

Figure 7.14 shows the surface images of the J-20 matrix after 12 hour dissolution
at different magnifications. The matrix structure of the EC-MCC tablets were
maintained after 12 hour dissolution due to water insoluble EC. However, matrix
‘becomes porous after dissolution because the water swellable MCC created gel
through which drug diffused during 12 hour dissolution. Undissolved EC particles
are clearly observed in the micrographs shown in Figure 7.14.

‘Figure 7.14. Scanning electron micrograph of J-20 after 12 h dissolution at different
magnifications.
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The surface rmages of carbopol contamlng batch J-21 are. deptcted rn Frgure
. 7.15. Carbopol 934P is hydrophilic’ in nature due to carboxylrc groups, it forms
very smooth gel (like HPMC) and controls the drug release rate in controlled
- manner. It absorbs plenty of -water and the ‘hydrogel in the form of discrete
swollen microgels are seen in the SEM images. When the hydrogel is fully
hydrated, osmotic pressure from within works: to break"'up the structure,
essentially by sloughing off discrete. pieces of the hydrogel This can be seen
" clearly in the photographs and SEM images, confirming the drﬁusron as a major
drug release mechanism. Because of its high water uptake the outermost
" microgel layer becomes almost translucent Initially carbopol takes time to reach
at completely hydrated state and’ therefore drug release occurs by erosion.
During this period also, diffusion is there but not as significant as erosion, but

upon complete hydratron _carbopol controls the drug release by diffusion
mechanism.

Flgure 715 Scannrng electron mrcrograph of J-21 after 12 h dissolution at drfferent
magnn‘rcatrons
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anure 7.16 depicts the SEM lmages of J-23 matrix tablets containing Carbopol
934P, Eudragit L100 and starch 1500. ‘As the exiernal surface of carbopol
matrices hydrated, it also forms a gelatinous layer, which is significantly different
structurally from the other traditional matrix tablet. Images at lower magnification
shows the smooth hydrogel formed due to carbopol. Higher magnification images
clearly indicate the eudragit mediated erosion of matrix. This confirms the drug
‘release mechanism of this matrix is mainly erosson mediated as discussed earlier
in Kopcha model analysis.

Figure 7.16. Scannmg electron micrograph of J-23 after 12 h dlssolutxon at dn‘ferent
magnifications.
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7.3. 'Xa'nt'ha-h‘ _thm 'Mat‘ti_ces :

‘Xanthan gum, a natural gum was used as a main mairix former to retard the -
nateglm;de release. As we have seen earlier in glipizide matnces that free
carboxylic. groups of anionic xanthan gum interact with the non -ionic HPMC to
produce a firm gel and s;gmftcantty hinders the drug diffusion. Hence some water _
soluble excipients can be added to increase the porosity of the matrix to :mprove
the release rate of actave ‘material. Other alternative is the addition of swellable
material, which swells upon hydration, increases the distance between the
interacting HPMC and xanthan molecules and ‘causes weakemng of the gel
strength and thereby promotes the drug release :

7.3.1. IN vrrno DISSOLUTION &“RELEASE KINETIC STUDIES

The results of in vxtro drssolutlon stuay for xanthan gum : HPMC K4M matrices
with other excsp:ents — lactose, Starch 1500 and Eudrag;t L100 are depicted in
Figure ,7.17.(J -25 to J-29). Lactose, being water soluble e_as;ly promoted the -
- nateglinide release through the channels and pores from which it diffuses out.

- | Xanthan Gum : HPMC K4M Combinations ‘
- 100 7 ;- 25 (72:23:05-250) Lactose
' | ~O— J-26 (80:13:07-225) Lactose
1 —— J-27 (40:15:45-200) Starch 1500
80 ] —O— J-28 (25:15:60-150) Starch 1500 -
7| —@— J-29 (50:20:30-150) Eudragit L 100

% Nateglinide release

Tlme (h)

Figure 7. 17. !nﬂuence of Xanthan gum : HPMC K4M Lactose f Starch 155/ Eudrag;t
L100 ratio at different polymer loading on nateglinide release profiles. )
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- Starch 1500 played its role due to its inherent swe!lin‘g power and disintegrant
properties while . Eudragut 100 increased drug release’ because of
characteristic polymer particle erosion mechanism. Apart from this, the level of
_natural gum and HPMC in matrix is also a governing factor for changes in MDT of
. different matrices. In short, use of all three excsplents help in linearization of the
dissolution data;, though none of them could complete drug release from xanthan
: HPMC matrices within 12 h at level they were used. Further changes in the
“composmon of the polymer and exc;plents can be made to modulate different
release rate formulations. Table 7.3 gives comparative idea about the kinetic
constants of different drug release modalities. Regression coefficients of different
drug release model suggests that addition of lactose (J-25 and J-26) or Eudragit.
L100 (J-29) into Xanthan gum : HPMC K4M matrices results in Hixson-Crowell or
first order kinetics whereas. addition of Starch 1500 (J-27 and J-28) gives the-
release profiles which best fits into Higuchi's square root of time kinetics.
The next group of matrices are based on the combination of xanthan gum with-

. Eudragit L100 with or without other additives. Their release profiles are

enumerated in Figure 7.18 (J-30 to J-35). Removal of HPMC from xanthan :
"HPMC matrices changes the complete dissolution profiles. In xanthan gum :
Eudrag:t L100 combinations, as xanthan can not form protectwe gel barrier so

100 -

3 807

m .

K3

e _

D .

T 60 1

£

=)

L) 4 .

® 40 - '

‘z“ j —{— J-30 (60:40-250)
e ‘ ~O— J-31 (55:45-200)
(-}

" —B— J-32 (50:30:20-200) Starch 1500

- —O— J-33 (50:15:35-200) Starch 1500

, —&— J-34 (50:30:20-150) EC 7FP Premium
—O— J-35 (72:00:28-250) MCC PH301
Xanthan Gum : Eudragit L.100 Combinations

20 -

T ¥ Y T T T Y Y T T ™

0 2 4 6 -~ .8 .10 12
Time (h)

Flgure 7.18. Influence of Xanthan gum : Eudragit L100 : Starch 1500 / EC 7FP Premium '
/ MCC PH301 on nateghmde re!ease proﬂles
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quickly as HPMC. (to retard the drug diffusion), eudragit particle erosion starts
immediately upon contact with dissolution medium and resulted in nateglinide
burst release with inverse proportion of xanthan level in the matrix system (J-30

. to J-32). After about 1 h, xanthan becomes fully hydrated and slow down the drug
release promoted by the presence of eudragit, starch, and MCC. Similar to
HPMC, ethylcellulose also prepared the tortuous barrier even at least total
polymer level (J-34). This heterogeneous gel successfully controlled nateglinide
release throughout 12 h within the defined dissolution constraints and selected
for further study to confirm the drug release mechanism. As shown in Table 7.3,
batches J-30 to J-32 fits into Higuchi's square-root of time model, whereas J-33
and J-35 follows Hixson-Crowell and first order kinetics, respectively. The
optimized batch J-34 follows Korsemeyer-Peppas Kkinetics and releases
nateglinide by non-fickian anomalous transport mechanism.

7.3.2,. CHARACTERIZATION OF OPTIMIZED FORMULATIONS

~ Within this grodp of matrices only J-34 was found to be optimized one and in vitro
dissolution data are analyzed by Kopcha model. SEM images were used for
better understanding of drug release mechanism.

7.3.2.1. Release Mechanism by Kopcha Model

The relative contribution of diffusional and erosional mechanism of drug release
for J-34 {(Xanthan gum : Eudragit L100 : EC 7 FP Premium at 75:35:40) is shown
in Figure 7.19. Initially until xanthan gum is hydrated fully and forms viscous
resistant barrier, the drug release is mainly due to Eudragit L100 mediated
polymer particle erosion (diffusion is there but not so significant). At 4 hour
diffusion line crosses the erosion line suggesting equal contribution of both the

J-34
20 -0 A (Diffusion term)
-5 B (Erogion term)

AlB
a8

g 2‘.’ ; (,3 é . 1‘0 12
Time (h)
Figure 7.19. Kopcha model parameters (A and B) versus time profile for J-34 formulation
- (Xanthan gum : Eudragit L100 : EC 7 FP Premium at 75:35:40).
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terms followed by predominance of diffusion term due to hydrogel formed upon
complete hydration of xanthan gum. Xanthan gum forms smooth highly viscous
hydrogel through which drug can diffuse, and thus it governs the constant drug
release rate up to the end of the dissolution study.

7322.  SEM Study

The matrix surface can. give idea about the hydrated gel structure as well as the
possibility of drug release mechanism. Scanning electron micrographs of the J-34
after completion of dissolution study are shown in Figure 7.20 at different
magnifications. The images shows the viscous hydrogel structure of xanthan
gum. lts hydrogel is strong enough to control the polymer 'particle erosion of
Eudragit L100 and hence continuous gel surface is observed in the micrographs.
The pores created due to diffusion of nateglinide are clearly seen and confirms
the diffusion as a major drug release mechanism from xanthan gum matrices.

SEl g E A ] . : e
Figure 7.20. Scanning electron micrograph of J-34 after 12 h dissolution at different
magnifications.
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7.4. Alginate-Chitosan and Eudragit-H.PMC Matrices

Protonal LF 120M, anionic sodium alginate forms ionotropic. hydrogel in presence
of cationic salts or other cationic polymer such as chitosan. Alginate-chitosan
combinations were tried to check the ability of combined gel to sustain the
nateglinide release. '

741. IN VITRO. DISSOLUTEON & RELEASE KINETIC STUDIES

Cumulative Nateglinide release from the different combination of Protonal LF
120M : chitosan matrices with the other auxiliary additives — MCC PH301, Starch
1500 and Eudragit L100 are given in Figure 7.21. Looking at the matrices
composition and their release profiles, it is obvious that the Protonal LF 120M
and chitosan prepare extremely viscous gel. Further, the cations in dissolution
medium strengthens it to such an extent that hardly up to 50 % of drug can
release even in the presence of swelling or disintegration promoting excipients in
the matrices (J-36 to J-38). However, it can be valuable in controlling the active

] Protonal LF120M : Chitosan Combinations

100 1 —o— 436 (20:20:60-250) MCC PH301
| —O— J-37 (10:10:80-200) MCC PH301
] —&— J-38 (10:10:40:40-200) Starch 1500:Eudragit L100

. 80 -

60 -

% Nateglinide release .

Time (h)
Figure 7.21. Influence of Protonal LF 120M : Chitosan : MCC PH301 / Starch 1500 /
Eudragit L100 on nateglinide release profiles.
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Figure 7.22. lnfluence of Eudraglt LlOO HPMC K4M : Starch 1500 ratio at dn‘ferent
polymer loading on nateglmrde release profrles ~;
-agent release for longer duratron of time for other applrcatrons also. Drug release
kinetic constants summarrzed in Table 7.4 suggests Hixson- Crowell as- the best
fit model for J-36, while Hrguchr for J-37.and J-38, ']-r r
~ As discussed . above in carbopol-eudragrt matrrces Eudragit | L1 00 promotes the
' drug release via polymer partrcle erosion,; its functronalrty was checked in HPMC
based matrices. Nategllmde release profiles for the matnces prepared with
HPMC K4M : Eudragrt 1100 at drfferent polymer ratio and different polymer
loading level are deprcted in Flgure 7.22. At constant total polymer loading, the
increase in Eudragit L100 level results in decreased MDT5 and MDTgo (Table
7.4), lndrcatmg higher drug release rate due to higher degreelof erosion from the
. outermost gel layer (see the release profiles for'J-39 to J-41) Moreover, at the
same polymer ratio, decrease in matnx loadmg grves overall hrgher drug release
(compare the release profrles for. J-41 and L-42) duo to lower hydrogel tourtosity
~ at lower matrix former concentratron Overall, higher drug release rate of J-44 as
. compared to J-43 is responsrble for lower HPMC K4M and hrgher Eudragit L100 .
. content of the formulation.: Partial replacement of Starch 1500 in place of Eudragit
'L100 can make the formulatron more economic without srgnrfrcant ‘change in the
formulation release kinetics. From thrs group of matrices’ (J~36 to J-44), two
batches, J-42 and J-44 frts mto the predetermrned drug release constraints at all

.l;':,
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/.

tfme points and found to be optlmlzed formula'uons Drug release mechamsm of
both these formulations was studied in detail by Kopcha model analysns swelhng
study and SEM analysis. As shown in‘Table 7.4 and Figure 7.22, the decrease in
Eudragit L100 / HPMC K4M ratio shifts the drug release profiles from H:guchls
matrix type to Hixson-Crowell kinetics due to more linearization of dissolution
curves. In vitro dissolution profiles of the opttmlzed formu!atxons -J-42 and J-44
fits into Korsemeyer—Peppas and Higuchi's ‘square-root. of time kinetics,
respectively with non-fscklan anomalous transport retease mechamsm (05<n<
1, Tab!e 7. 4) ' :

7.4.2. CHARACTERIZATION OF oPTm:zsn FORMULAT!GNS

From J-36 to J~44 in vmo dissolution of batch J-42 and J—44 passes all the
constrains defined previously and found to be optimum. Smce the rate of swelling
“and erosion determmes the mechanism and Kinetics of drug release. these
‘formulations’ were studied further for their swelling behavior and SEM analysis to .
conhrm the relatlve contnbutnon of diffusion and/or erosion by Kopcha model.

‘ 7.4.2.1. : Release Meéhanism by Kopcha_Medel

Figure 7.23 'represents the results of Kopcha model analysis for J-42 and J-44..In
both the case, diffusion ‘increases initially and then takes over the erosion,
followed by major drug release due to diffusion. In case of J 42, at the start of
hydration process, the surface Eudragit L.100 particles shows erosion and slight
high drug release. Slmultaneously HPMC starts to form hydrogel quickly to retard
the drug release and within 2 hour HPMC medlated diffusion becomes higher and "
governs drug release up to the end of study. While in case of J-44 during 2-4

30\

sl ' L Ja2 } ~ : 344
. 4 M N A 3 "
o , ~a— A (Diffusion term)” —o— A (Diffusion term}
201 o -e- B {Erosion term) - —a— B (Erosion term)

-1

AiB
3

o z 4 ) s , s . 10 12 0 2 4 ( s " s M 12

C Tmem - : ' Time ™
Figure 7.23. Kopcha modei parameters (A and B) versus time profile for-J-42 (Eudragxt
L100 : HPMC K4M'at 114: 61) and J-44 (Eudragit L1 00 HPMC K4M Starch 1500 at

© 80:40: 80) formulatxons respectwely
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hour diffusion and erosion are almost equally contribute in nateglinide release.
Finally, HPMC acts as major drug release retardant. In both the cases, at the end
of dissolution study, the erosion term reaches almost zero level and drug release
is solely by diffusion of nateglinide through unique HPMC hydrogel.

7.4.2.2. Swelling Study

Figure 7.24 shows the results of the axial and radial swelling as well as water
uptake of batch J-42. In this case, all three parameters increase up to 12 hour
and then gradually declines and it can be seen in the photographs attached
herewith. Upon hydration, HPMC swells and forms hydrogel capable of retardmg
the drug release at almost constant rate by diffusion.

160 1

—O— Water uptake
—{J— Axial swelling
—&A~— Radial swelling

140 -
120

100

Lttddidon L

[

80

% Swelling

60
40 -

20 -

0 3 6 g 12 15 18 21 - 24
Time (h)

Figure 7.24. Percent water uptake, axial, and radial swelling results for J-42 formulation
" (Eudragit L100 : HPMC K4M at 114:61).
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The swelling study results for batch J-44 are enumerated in Figure 7.25. As seen
with other  HPMC containing matrices, hére also. anisotrbpic' swelling was
observed. Upon hydration, progressive increase in the size of this hydrated layer
results in axial and radial swelling up to 3 hour, followed by decline 'in radial
expansion. However, matrices expand axially and water uptake remains almost
~ constant until the end of study and it can be seen in photographs. As ’cdmpared
_ to J-20, fast expansion in axial and radial direction may be atiributed to the
" presence of Starch 1500 and its swellable amylose fraction. HPMC gel prevents
the polymer particle erosion of Eudragit L100 by forming strong hydrogel.

B

oh ~ 3h 6h 12h ©  24h

{ —O— Water uptake :
160 . —— Axial swelling

: 1 —%&— Radial swelling
140 1 - ‘

1209 ..

100 1

80 -

% Swelling -

60 1

40

20 -

— — — — S ——

o 3 8 9 12 15 18 21 - . 24
R Time (h) o

" Figure 7.25. :F’e'rcent water uptake, axial, and radial swelling resu'ltyxs for J-44 formulation

{Eudragit L1 OQ : HPMC K4M!}: Starch 1500 at 80:40:80)..
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7.423.  SEM Study

Figure 7.26 represen.ts the SEM images of batch J-44. The combined HPMC-
starch gel results in smooth viscous hydrogel through which drug can diffuse in a
controlled manner. As with other HPMC matrices, the pores created by diffusion
of drug are seen within the structure of this heterogeneous hydrogel. This is in
accordance with the diffusion predominance at the end of dissolution study
discussed in Kopcha model parameters analysis. ,

Figure 7.26. Scanning electron micrograph of J-44 after 12 h dissolution at different
magpnifications.

S

7.5. Stability Studies

All the optimized batches were subjected to accelerated stability study (40 + 2°C/
75 + 5% RH) according to ICH guidelines. The accelerated stability data for all
optimized formulations of both drugs showed no change in appearance and
negligible variation (within + 3 SD) over time for the parameters like weight
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Figure 7.27. Extrapoiatlon of accelerated stability study for determination of shelf—hfe for |
J-21 formulation. ’ ’

vanatlon thlckness hardness and drug content. 6 month accelerated data for
the optimized formulations showed negligible change over time for the
parameters like appearance weight variation, thlckness hardness, and drug
content. The S|mslar|ty factor (f,) was calculated by a comparison of the

dissolution proﬂle at each tnme points with the control at the initial condition. The .
/, factors obtamed ranged from 82 t0:92, with a 2 10 7% average difference, and

the formulati;cns Were found to be stable. Shelf-life of cptirﬁized formulations were

calculated by hnear (zero-order) ‘extrapolation of the accelerated stability data as

discussed under ‘Stabmty Studies’ of ‘Glipizide Matrices’. Shelf-life for J-11, J-186,

J-20, J-21, J—23 J—34 J-42, and J-44 were found to be 2. 73 2.87, 3.06, 2.64,

2.98, 3.17, 2.95, and 322 years, respect;vely The . lmear extrapolat:cn of
accelerated stabmty data for J-21 formulatlon is shown in Figure 7.27.
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8. IN VIVO STUDY

In vitro - in'~ vi\)o correlations (IVIVCs) can decrease regulatory burden by .
dec’reasing the number of biostudies required in support of a drug product. IVIVC
can impart in vivo meaning to the in vitro dissolution test and can be useful as
surrogate for b:oequuvalence Further, IVIVC can also aﬂow setting of more
meamngfut dissolution specsf:catxons Both the regulatory agencies and. industry
sponsors have understood this value of IVIVCs. Therefore, the activity in the area
of IVIVC for oral extended release dosage forms has mcreased in the last 5 years
(Uppoor, 2001).- ; _
From the list of optimized' formulatibns, selected batches were subjected to in
vivo. study to- establish IVIVC. Pharmacokinetic parameters for glipizide
containing matnces M-3 (HPMC K4M : MCC PH301 at 25:75), M-25 (HPMC K4M

: MCC PH301 Starch 15?00 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 thé marketed sustained release formulation Glytop® 2.5
SR. Similarly, -results 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 70130) were compared with that of marketed lmmedlate release
" formulations Natelide® 60.

8.1. Pharmacokmetlc study of M-3 Matrlces

- As compa.red to initial IVIVC development and evaluation of predictability using
singl‘e batch, more addifional data may be needed to define the IVIVC's
predictability completely Some combination- of three or more formulations with
adequate different (e.g. by 10%) release rates is con3|dered optimal (US FDA
CDER Guidance for the Industry, 1997). Out of the 9 batches (A-1 to A-9) of
HPMC- K4M | MCC PH301 system studied using 32 full factonal design, three.
batches namely A-3, A-6 (= M-3), and A-4 exhibited the slow, medium, and fast
release profile, respectively. Hence, these three baiches.were selected for
establishme‘ht of IVIVC acéording to US FDA guidelines. i'

8.1.1. DRUG ABSORPTION STUDY IN RABBITS AND PHARMACOKINETIC
‘ ANALYS!S

Based on the in vitro relea'se profiles', following three fdrmul‘aﬁons of HPMC K4M

: MCC PH301 combinations studied by 32 full factorial deSigh_ were selected for
establishing IVIVC according to USFDA guidelines (1997a): slow (A-3), medium
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Figure 8.1. (a) Mean plasma glipizide concentration vs. time profile after administration
of single dose of oral solution, slow (M-3), medium (M-6), and fast (M-4) release tablet in
white albino rabbits. Each value represents the mean (n=3) (b) Fraction absorbed (FRA)
in vivo vs. fraction dissolved (FRD) in vitro for establishment of IVIVC for slow, medium,
and fast release tablet. {c) Comparison of observed and predicted plasma profile of slow,
medium, and fast release formulation.
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(A-6 which is same as M-3), ‘and fast (A-4) release raté matrix tablets. For
'pharmacokinetic study, the developed matrix tablets were administered orally to
white albino rabbits. The drug plasma concentrations for matrix tablets were
“monitored for 24 h and that for the oral solutlon was monitored for 12 h as shown
in Figure 8.1 (a). The dlipizide plasma proﬁle following oral soiutlon after 12 h
was below LoQ and hence the same for 16, 20, and 24 h were extrapo_lated using
A-e*", where A is the intercept of the terr,nvinal elimination regression line of the’
In(concentration) vs. time profile. The mean glipizide pharmacokinetic parameters
for oral solution and matrix tablets are summarized in Table 8:1. The results were
calculated from plasma drug concentration data by non-compartmental analysis.-
The rapid decrease in g!ipizide concentration after oral solution administration
reflects the fast disposition and elimination of the drug. The pharmacokinetic
parameters like Cpax 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. Though the AUC of glipizide for matrix
tablets were comparable with each other, the.Crax and ka for A-3 < A-6 < A-4,
and MRT for A-3'> A-6 > A-4, which reflect the dlfference in the release rate
- kinetics of ghplZlde between them.
Table 8.1. Observed and ;:predicted pha'rmacokinetic parameters of glipizide after
administration oral solution and sustained release matrix tablets to v.\'rhitealbino rabbits.

1 421 059 0.26
.6 953 031 0.19

A6 (Med) 2526.04, 244998 3.01 19249 19841 308 ' 6 910 032 019 - .
6

' Oralsol' . 228751 - . - - 499.41 - R
A-3Slow) 245229 245630 -0.16 18230 19441 -6.64 |

8.37 0.41 022

A-4 (Fast) 2646. 86' 2463.84 6.91 24534 23573 3.92 .
Each value represents the mean of three rabblts ’ S

8.1 .2; ESTABLIS'HMENT:;OF IVIVC

ltis necessary to establlsh an in vitro test method that can predlct the progress of
drug release and the absorptlon of products in vivo (Varshosaz et al., 2000),
particularly dunngvthe development of an innovative dosage form. In the present
study, the -in vivo absorption profiles of developed "'formulations were
deconvoluted using Wagner-Nelson method as ‘described above The posszbrhty
- of developlng a. Ievel A IVIVC between the in vitro fraction drssolved (FRD) and
the in vivo fraction absorbed (FRA) for matnx tablets was. investigated - using
linear and nonlinear regressron As can be seen from Flgure 8.1 (b), a good linear
point-to-point relatlonshlps were observed for A-3 (*=0. 9989) A-6 (rz——o 9941)

\
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“and A-4 (*=0.9971) formulations with slope approaching to unity, indicating a
'Aclvovsé correlation between the in vitro release rate with their in vivo absorption.

8.1.3. INTERNAL VALIDATION OF IVIVC

The validity of correlations was assessed by determining how well the IVIVC
~models could predict the rate and extent of glipizide absorption as characterized -
by Crmax @and AUCo. The predicted and observed values for these criteria as well -
as the calculated % prediction error (PE) are listed in the Table 8.1. The
. predicted Cpnax values were found to be very close to the observed mean values
as can be seen by very low prediction errors for the slow (6.64%), medium
(3.08%), and fast (3.92%) formulations. Similarly, the PE for observed mean and
predicted AUCo-w values were b.16, 3.01, and 6.91% for slow, medium and fast
release rate formulations, respectively. The percent PE values were within the
acceptable range of FDA guidance of IVIVC. The results of internal predictability .
- is depicted graphically in Figure 8.1 (c), and revealed that the predicted profiles
were comparable to the observed profiles ‘for all three formulations. The
established IVIVC confirms the efficacy of this in vitro model in SImuIatmg in vivo -
conditions. S

8.2. Pharmacokmetlc study of Glytop-2.5 SR, M- 25 M-75
and M- 120 Matrlces

Initial IVIVC development and evaluation of predictability using single batch was
carried out for Glytop 2.5 SR, M-25, M-75, and M-120 tablets. A group of three
white albino rabbits was used- for each formulation selected. Fg’gure' 8.2

. represents ~ (a) vMean plasma glipizide concentration vs. time profile after
‘administration of single dose of oral solution and Glytop 2.5 SR in white albino
rabbits including predicted plasma concentrations for Glytop 2.5 SR (b) Ln (Cp)
vs. time-curves for estimation of Ke and K,. (c) Fraction dissolved (FRD) in vitro
vs. fraction absorbed (FRA) in vivo for establishment of IVIVC for Glytop 2.5 SR.
Similar pharmacokinetic details for M-25, M-75,. and M-120 are depicted in Figure
8.3, Figure 8.4, and Figure 8.5, respectively. Whereas, compérative results of
observed and convolution predicted AUCo—. and Cnax with other pharmacokinetic
parameters are enumerated in Table 8.2. The -pharmacokinetic 'pa,raFneters,
grouped in Table 8.2, were calculated using a non-compartmental approach. The
absorption parameters were calculated by the residual method (Bourne, 2002)
and Crax and tyax were estimated directly from the plasma profiles. '
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Glipizide plasma concentration vs. time curve after administration of M-25 is
shown in Figure 8.3 (a). In vivo absorption profiles were also calculated by means
of deconvolution method and obtained fraction absorbed in vivo (FRA) were also
compared with their fraction dissolved in vitro (FRD) for each matrix system as
shown in Figure 8.3 (c). Good point-to-point relationship was observed for M-25
matrices with regression coefficient of 0.9849. The reliability of the developed
IVIVC model was evaluated by using the internal predictability procedure as
described in relevant regulatory guidance (US FDA CDER Guidance for the
Industry, 1997). According to it, the permissible % prediction error (PE) values for
Cma*and AUC should be less than £15% for each product and less than 10% for
the average. Data from oral solution was used as the impulse function during
numerical convolution. As seen from the results, the IVIVC model fulfilled these
criteria (Table 8.2) and the result for the internal predictability is depicted
graphically in Figure 8.3(c). The established IVIVC was of level A, which confirms
the efficacy of this in vitro model in simulating in vivo conditions. This kind of
correlation is quite important since it represents a point-to-point relationship
between in vitro dissolution and the in vivo input rate of the drug from the dosage
form (Cardot and Beyssac, 1993).

The results of pharmacokinetic parameters for M-75 and M-120 are summarized
in Table 8.2. All three developed directly compressed sustained release glipizide
hydrophilic matrices showed comparable in vitro and in vivo profiles with respect
to marketed sustained release formulation. There are negligible variations in Tmax
and MRT of prepared matrices, which could reflect the difference seen between
their in vitro release kinetics and confirms that prepared sustained release matrix
is able to modify drug release from tablets in vivo also. It can be considered that
directly compressed matrices successfully maintained AUC of glipizide, also
suggesting that it was absorbed almost completely during transit through the
gastrointestinal tract. Results of internal predictability revealed that the predicted
profiles were comparable to the observed profiles of the developed and reference
formulations.

Table 8.2. Observed and predicted pharmacokinetic parameters of glipizide after
administration oral solution, Glytop 2.5 SR tablet (market sample), prepared sustained
release matrices M-25, M-75 and M-120 to white albino rabbits.
Formu- AUCo-m (ng-h/ml) Cmax (ng/ml) Tmax MRT  ka ke
lation  Observed Predicted PE (%) Observed Predicted PE (%) (h) (h) (h1) (hi)
Glytop SR 2817.68 2402.23 1474 22600 20491 933 8 961 0.34 0.17

M-25 2547.12 2847.13 -11.78 192.49 217.08 -12.77 6 9.04 0.32 0.19
M-75 275457 234981 14.69  191.36 180.83 551 6 9.72 0.30 0.16
M-120 2962.15 2582.58 12.81  239.00 19497 1842 10 10.03 0.29 0.18

Each value represents the mean of three rabbits.
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Section Il Results & Discussion: In Vivo Study - : 281



8.3. Pharmacokmetlc study of Nateﬂldie-GO ] 11 and J- 21
Matrlces

In vivo oral absorption of nateglinide from the two different directly compressed
matrices (J-11 and J-21) was evaluated under the fasted condition. Similarly,
immediate release marketed preparation Natelide-60 is also included in the study
for the comparison of drug release kinetics in vivo. .
. The mean plasma concentration—time profiles of nateglinide explicitly indicate
“that both J-11 and J-21 successfully sustained the absorption of nateglinide as
‘'shown 'in Figure 8.6 (a and b) and Figure 8.7 (a and b), respectively. Both
matrices significantly delayed Tnax and prolonged MRT (Table 8.3), compared
with immediate release tablets-Natelide 60, indicating that sustained release of
nateglinide from directly. compressed matrices successfully resulted in the
sustained absorption of nategllmde in vivo. The sustained plasma level was due
to the constant release pattern of the matrix systems in vivo. The absorption
parameters were calculated by method of residuals (Bourne, 2002). The
absorption and pharmacokinetic parameters followmg administration of the
marketed nateglinide immediate release (Natelide-60) and developed matrices J-
11 and J-21 are summarized in Table 8.3. The In vivo abéorption profiles of
-developed matrices were deconvoluted using Wagner-Nelson model (Bourne,
2002). When fraction released' in vitro (FFfD) was plotted against fraction in vivo
input (FRA) to seek an IVIVC as shown in Figure 8.6 (c) and Figure 8.7 (c), a
linear correlation with a siépe close to unity and intercept close to zero was -
- obtained (* > 0.99), indicating a close correlations for J-11 and J-21,
respectively. Further, to ‘assess the predictability and the validity of the
correlations, we determined the observed and IVIVC model-predicted Cax and
AUC values for each formulation (internal validation of IVIVC model). The percent
PE (x15 %) for both parameters are summarized in Table 8.3 and Figure 8.6 (a)
and Figure 8.7 (a). Data from immediate release marketed formulation was used
as the impulse function during numerical convolution. Overall, the
pharmacokinetic parameters for J-11 and J-21 were almost comparable with
each other and can be reasoned that the in vitro dissolution profiles of both
- batches are close to each other and fits within the constraints selected.
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Table 8.3. Observed and predrcted pharmacokmetrc parameters of gllprzrde after
admmrstratron oral solution, Glytop 2.5 SR tablet (market sample) prepared sustained
release matrlces lVl-25 M 75 and M 120 to whrte albino rabbrts '

‘Natelide-60 > 1843.71 - - 512.40 ‘ 1 .291 145 048
J-11 2307.12 1955.92 1522 17566. 17325 137 4 852 035 0.27
J-21 224414 224414 1283 18578 . 19454 -471 6 840 037 0.26

Each value represents the mean of three rabbits.

Aiter internal valrdatron of developed IVIVC model, in vitro . drssolutron method
could be considered bioindicative and might be used as a surrogate for .
broequrvalence 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 broequrvalence It could also be extremely useful in
" performing possible post-approval changes in the formulation, scale—up or
changes in the drug substance or. excrprent supplrer :

L3
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