CHAPTER 1V

RESULTS AND DISCUSSION

A. Pharmaceutical Equivalence and In Vitro Dissolution Testing

The two brands of 5 mg glipizide tablets were analyzed for Pharmaceutical

| ' ’)e United States Pharmacopoeia 27. All

equivalence following the monogr.

related results were as follows:

Chromotograms o layed in Figure 2. As can be
seen, the retention tim hromatograms of the assay

preparation (A and hromatogram of the standard

preparation as obtain u'f; pizide were found in both

products.

é
Due to the dosage unit & roducts 10 be determined is less than 50 mg,
content uniformity method i cedure of ¢ Results are presented in Table 3.
the amount of ther Vf__ \’5 sage units of test and
innovator’s product lie“wit > 115:0% of the label claim and

on is less than 6.0% are obtained. These meet the criteria of

USP 27 spec Efﬁm zr ‘{ﬂ Ewlﬁ contain uniformly
active mgred1 n ob tjd ati uite low, indicating

they were well manufactured especidlly mixing pragess for low dosdgé unit.
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Flgure Chromatograms of Glipizide in (A) Assay Preparation of Test Product, (B)

Assay Preparation of Innovator’s Product and (C) Standard Preparation.
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Table 3 Uniformity of Dosage Units of 5 mg Glipizide Tablets of Test and

Innovator’s Products

% Labeled Amount
Tablet no.
Test Product Innovator’s Product

1 99.93 99.87
2 99.78 103.36
3 100.74
% 102.92
5 102.92
6 103.70
7 100.82

8 100.41

9 99.58
10 100.27
Mean 101.46

S.D. 1.58

%R.S.D 1.56

Both brands w
in Table 4 that glipizi

1;— “Active i

anéa

[ 4
b 244k 340 ppn (1M Fa)
innovator’s produ ve mi mgs nEI:I nt“difference (99.14 vs

> ingtedient and found as shown

i
in both formulations are within the limit of 90.0-110.0% as

ide in the test and

ily eligible for fn vivo bioequivalence stud

TN INg 1A Y
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Table 4 Assay of 5 mg Glipizide Tablets of Test and Innovator’s Products

- % Labeled Amount
Test Product Innovator’s Product
1 99.30 98.91
2 98.97 98.57
Mean 99.14 98.74
S.D. | 0.24
%R.S.D. 0.24
=
4. In Vitro Dissolu/
Typical standa ibfati urve data and or determining glipizide

showed that the relation
! g linear regression analysis
was highly correlative 09999 and percent recovery
of each concentration ¢ pizide dissolved from 5 mg
glipizide tablets are prese or test and innovator’s product,
respectively. It can be seen that ly dissolved reaching 85 percent of
glipizide dissolutio, i : S/minutes after starting the
test. Percent glipizidg "’ minutes, percent drug
dissolved from each unit of both products were greater@an the specified value of

USP requirement (Q=80%),.referring they passed the test for single point dissolution.

As shown in lﬂ;ru flidsOriidh) pRofies ot B branldf i also conducted and

compared. Comiparisons were made aéld reported in Table 8. The dlffercnt factor (f)

TR R T

demonstrates that the dissolution profiles of test and innovator’s product are complete

equivalence.
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| y =0.0226x +0.002
! 01600 R?2=0.9999
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Figure 3 Calibration Cury€ for Defetmis ( lipizide in Dissolution Medium.
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Table 6 Dissolution Data of 5 mg Glipizide Tablets of Test Product

41

Time (min)

MR = 10 15 20 30 45 60 90
1 83.43 97.10 102.04 103.63 107.15 107.15 105.65 105.48
2 82.63 97.72 103.45 105.57 107.77 107.42 110.07 106.45
3 81.48 : 04.07 10521 10521 105.13 105.21
4 91.01 u. 109.98 110.33 110.42 109.09
5 87.39 08.04 11.92 110.68 115.18 110.07
6 84.66 ] 105:43-106:18 106.45 106.18 105.48
7 83.52 0C 101.78 101.09 102.48
8 " 102.82 103.00 101.69
9 92.21 109.70 108.57 109.44
10 86.91 108.83 107.26 107.52
11 83.69 104.74 105.52 103.78
12 86.12 107.26 107.00 107.00
Mean 85.50 106.86 107.09 106.14
S.D. 3.36 g5 284 369 267

%C.V. 3.93 266 344 251

3 i

2

2
ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
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Table 7 Dissolution Data of 5 mg Glipizide Tablets of Innovator’s Product

42

Time (min)
vemelin = 10 15 20 30 45 60 90
1 9622 109.54 109.45 108.74 10839 107.51 106.80 105.21
2 85.37 103.89 110.07 105.04 103.89 102.74 101.42 100.71
3 9128 10636 108.74 109.98 110.07 108.74 108.92 106.98
4 8713 109.80 111 ’ 109.45 108.12 107.77 106.54
5 96.39 wﬁ‘ Q2430945 10954 108.83 10839
6 88.72  105W3105.570 10450ci0d68 10433 103.18 103.89
7 82.38 20Tt .09 7 101.87 100.04 105.52
8 91.87 © 10491 103.17 102.48
9 100.0¢ 105.96 105.96 104.65
10 89.69 110.39 109.00 107.87
11 82.56 107.52 107.43 106.04
12 87.86 10474 103.17 102.30
Mean | 89.96 ) 10636 105.48 105.05
S.D. 552 286 289 - 95 270 314 235
%C.V. | 6.13 275 254 298 224

L

7 = X
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y §
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Table 8 Dissolution Pgofilgs

Innovator’s Pig

Time %?(R Dissolv ":?e Xr-X1)°
5 19.84
10 65.97
15 03.66 ' 4.96 24.63
20 107.89 105.49 2.70 7.28
o AUBANHRENIRT | o
45 ' 10636 106.86 0.50 0.25

¢ s b
RS AN QY =

ﬁ ) q .1 r 09 1.19

» 837.52 - 23.69 121.82
f, =2.83%

f;=69.74%
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5. Evaluation of In Vitro Studies
All in vitro studies revealed that the two brands of 5 mg glipizide tablet
complied the specified requirements of USP 27 and Thai-FDA in all essential aspects.

Thus, it can be concluded that both products tested are pharmaceutically equivalent.

B. Bioanalytical Method for Determining Glipizide in Plasma

Analytical methods used for the quantitative determination of drugs in
biological samples are important te gdnerate reproducible and reliable data before
using in the evaluation and interpr i @i ability, pharmacokinetic findings
0 wrfo&{alidated analytical methods to

retention times of apprdxi & d 13 minutes, respectively as displayed
0 any interferent peaks due to
ubstances affecting the peaks of

glipizide and internal standard 2 re-obsery ed. Thi indicates the selectivity/ specificity

il

ARGINGUIMING 1A

0.010

0.005

e e e T T T s e e
0.00 x 2 2 £ X ! 14.00

Figure 5 Chromatograms of Blank Plasma from Six Sources (A-F).
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0.040 - iy

0.035']
0.030

0.025+

Gliclazide - 12.806

2. Linearity and

Typical linearity \,\ inear regression analysis are

presented in Tables 9-13 Cigures 8 ': ese demonstrate that an eight points

calibration curve of peak area g to gliclazide was linear covered the

range of concentratio ploye with the coefficient of
determination of -T@r,ﬁ"““"’ 99.°Tt [ 1@ nominal concentration
of each level except the fir wer limit of quantification

which served as the ﬁrsJ, concentration in a series of standard solutions was found to

ammmmummmaa
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Table 9 Linearity of Curve No. 1 of Analytical Method for Determination of

Glipizide in Plasma

Known Estimated
Standard no. | Concentration o ,:\rea Concentration %Recovery
(ng/mL) = (ng/mL)
1 20 0.03434 20.82 104.10
2 25 25.97 103.89
3 50 49.70 99.40
4 100w, 96.73 96.73
5 95.78
6 100.05
7 103.37
8 98.98
Where; 0.0015x + 0.0021
Estimatedi€c a ratio - 0.0021]
. 2 0.0015
%Recovery 3 ‘ Estimated concentration x 100

q ntration
Ve )

) 4

ﬂ'lJEl’J'VIEWIﬁWEI’]ﬂ‘i
QWWNﬂ‘iﬁUMﬂTAWEﬂﬁH
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Table 10 Linearity of Curve No. 2 of Analytical Method for Determination of

Glipizide in Plasma

Known Estimated
Standard no. | Concentration s /.\rea Concentration %Recovery
(ng/mL) e (ng/mL)
1 20 0.03547 23.45 11227
2 25 \ 10108948 25.94 103.78
3 50 51.44 102.87
4 G 104.59 104.59
3 ] 92.32 96.16
6 [ 381.29 95.32
7 ’“ 103.16
8 99.70
Where; 0.0016x —0.0023

Peak area ratio + 0.0023]
0.0016

= Estimated concentration x 100

%Recovery
e
!« _, concentration

~

AU INENTNEINS
RIAINIUUNINYAY
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Table 11 Linearity of Curve No. 3 of Analytical Method for Determination of

Glipizide in Plasma

Known Estimated
Standard no. | Concentration peak /.\rea Concentration %Recovery
(ng/mL) — (ng/mL)
1 20 0.028543 18.99 94.96
2 25 26.21 104.84
3 50 49.15 98.29
4 ) 98.58 98.58
5 01.72 100.86
6 103.94
7 96.28
8 100.69
Where; = 0.0013x +0.0037

eak area ratio - 0.0037]

e 0.0013
YoRecovery . = Estimated concentration x 100

il b

1 n concentration

ey

) 4

ﬂ'lJEl’J'VIEWIﬁWEI’]ﬂ‘i
QWWNﬂ‘iﬁUMﬂTAWEﬂﬁH



Table 12 Linearity of Curve No. 4 of Analytical Method for

Glipizide in Plasma

32

Determination of

Known Estimated
Standard no. | Concentration Peak /.&rea Concentration %Recovery
(ng/mL) i (ng/mL)
1 20 0.03085 19.71 98.57
2 25 22.24 88.96
3 50 4591 91.81
4 100+ 107.49 107.49
5 104.36
6 9151
7 99.63
8 100.31
Where; 0.0015x +0.0019
Peak area ratio - 0.0019]

1A g
fl‘: “;-:":J_

%Recov - .

0.0015

= Estimated concentration x 100

X

|
iF |

AU INENTNEINS
RN IUNRINYINE

\-_' _9 concentration
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Table 13 Linearity of Curve No. 5 of Analytical Method for Determination of

Glipizide in Plasma
Known Estimated
Standard no. | Concentration e {\rea Concentration %Recovery
(ng/mL) L (ng/mL)
1 20 0.03552 18.70 93.49
2 24.67 98.68
3 9172
4 101.97
5 99.58
6 100.50
7 101.35
8 99.46
Where; = 0.0014x + 0.0096

Peak area ratio - 0.0096]

0.0014

= Estimated concentration x 100

]

{

ﬂ'lJEl’J'VIEWIﬁWEI’]ﬂ‘i
QWWNﬂ‘iﬁUMﬂTAWEﬂﬁH

Krj _, n concentration
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Flgur 11 Linearity Curve No. 4 of Analytical Method for Determination of Glipizide
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Table 14 Lower Limit of Quantification of Analytical Method for Determination of

Glipizide in Plasma

Known Estimated
Replication no. Concentration Concentration %Recovery
(ng/mL) (ng/mL)
1 20.00 20.82 104.10
2 23.45 117.27
5 94.96
4 98.57
5 93.49
101.68
9.63
9.47

AULINENINYINg
RINNTUUNININY
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3. Accuracy, Within-run and Between-run Precisions
These were accomplished using 3 quality control concentrations. Results are
reported in Tables 15 to 17, respectively. As observed, the accuracy of the method
was between 96.07 — 100.05% meanwhile those for within-run and between-run
precisions were less than 15% of coefficient of variations. These values agreed with

recommended limits of acceptance.

4. Recovery of Extraction

Results are reported in Table | veries were obtained for glipizide
ranging from 94.42 — 102, . i i gﬁy of the extraction procedure.
However, the extraction r ~of internal standard was slightly low with value of
about 64% but its pey ,v i- Generally, the recovery of
extraction of analytes ng \\.\ ecovery should be constant

in terms of consistency, Besides, recovery of extraction
of the drug found " thi -' . using liquid-liquid extraction
technique reported pre | e extraction method used is

appropriate for the purpoge

R

ﬂ‘IJEI’J‘VIEWlﬁWEﬂﬂ‘i
QW’W&NﬂiﬂJ NN Y
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Table 15 Accuracy of Analytical Method for Determination of Glipizide in Plasma

Mean of
Known Estimated
Estimated Mean of
Concentration | Concentration S.D. %C.V.
Concentration* %Recovery*
(ng/mL) (ng/mL)
(ng/mL)
56.97
59.20
60 60.99 3.72 96.63
500 7.94 96.07
8754
900 901.20 3.70 100.05
*n=35

wers % 8 187 ARSI N

an,vn concentratlon

ammﬂmumaﬂmaﬂ
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Table 16 Within-run Precision of Analytical Method for Determination Glipizide in

Plasma
Mean of
Known Estimated
Estimated
Concentration | Concentration S.D. %C.V.
gkl (ng/mL) Concentration*
ng/m ng/m
(ng/mL)
68.21 \
59.79

60 7.44
500 5.66
900 2,73

s AULINGNTNYINS
RIANTUNRIINY1AY



Table 17 Between-run Precision of Analytical Method for Determination of

Glipizide in Plasma

61

Mean of
Known Estimated
Estimated
Concentration | Concentration S.D. %C.V.
(ng/mL) (ng/mL) Concentration*
ng/m ng/m
: : (ng/mL)
68.21
56.97 /
60 59.61 31 5.50 8.71
s
454.69
500 300 £ M (4 09 4.89
#d‘d 4
503204 7
946. 4‘;:;_
885.68 T
900 8 6.23
83.31

s AUEININTNYING
RN IUNRINYINE
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Table 18 Recovery of Extraction of Analytical Method for Determination of

Glipizide in Plasma

Known Peak Area

Concentration YT T Mean of
i 0
Ingredient Extracted | Unextracted Y o Recovery*

(ng/mL)

Active

26665 28818 92.53
26493 28425 93.20
60 30453 27448 110.95 94.42

2586 - 30078 85.99

0689 89.46

3 94.38
96.66
86.64 96.31
103.29
100.56

Glipizide

23.17
101.75
98.61 102.98
113.99
107.39

4950 40219 61.54
36598 59.13
66.61 63.56
| 62.04

Gliclazide

*n=5
Where; % Re

R NI NS s

PA of glipizide or int. std. ef unextracted samples from mabile phase

RININIUNRINYTAE
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5. Stability
All stability data are presented in Tables 19 to 23. Elaboration of these for
more details is as follows:
5.1 Freeze-thaw stability
After completion of 3 freeze-thaw cycle, glipizide was still stable in
plasma under this stressed condition. This is observed in Table 19, the percent
deviation of glipizide concentrations compared to those before processing was within

the acceptable ranges. However, the. |

sample appeared to be less resistant to

this.
5.2 Long-term stabi

The data in Ta 7 at o "Wm deviation of low QC sample

after storing at -20°C for er than =15%, Thls suggests that plasma
containing glipizide can
of storing is sufficient si g 2 e samples can be completely analyzed
within 1 month.

5.3 Short-term 7

5.4 Post-preparﬁlve @
It can be see'p in Table 22 that the processed plasma samples could be

e Zﬁ P4 Wﬁiﬂﬂﬁmﬂ f:lfiniilf —
gt AR ntb gy P

Results obtained in Table 23 indicates that both glipizide and gliclazide
stock solutions in methanol after keeping in refrigerator were stable for 2 months.

This facilitates processing samples in all aspects.
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Table 19 Freeze-thaw Stability of Analytical Method for Determination of Glipizide

in Plasma
Mean of
Estimated
Concentration Estimated Mean of
Cycle Concentration o
(ng/mL) Concentration* | %Deviation*
(ng/mL)
(ng/mL)
60 ; 69.74 -
I3
0 -
64.
i1 96.54 -
e A48 -7.54
Hile3m7
3 P
J -
90 78 874.70 12,23
A
*n=3
where; % Deviation “oycle 3 — Bstinit.conc. ¢ycie0) X 100

Est init.conc. cycle 0

ﬂuEI’JVIEWlﬁWEI’lﬂ‘i

ammnmumawmaa
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Table 20 Long-term Stability of Analytical Method for Determination of Glipizide

in Plasma
Estimated Meanot
Time Concentration P Estimated Mean of
(week) (ng/mL) fefeid Concentration* | % Deviation*
(ng/mL)
69.63
60 67.05 68.60 -
. _
900 862. 845.65 -
. 4.
el
0. 69.05 0.66
2 -
~959.41 1.37 8.95
- &} .
> 1\ 60.00 [12.54
o '
4 &
900 A5 825.39 2.40
m 33 -17.88
6 2721
8810
AuEaNpRINY g |

vy wwmmm ummma 8

% Deviation =

= (Est.conc. weekn

— Est.init.conc. weeko) X 100

where

(Est.init.conc. week 0)
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Table 21 Short-term Room Temperature Stability of Analytical Method for

Determination of Glipizide in Plasma

Estimated .
Time Concentration C trafd Estimated Mean of
(hour) (ng/mL) o?;:;:;lmrL)lon Concentration* | % Deviation*
(ng/mL)
57.09
60 1w 0907 57.05 -
0 a b ;:' 1%! l‘ |
."»ij‘ 86 .aff
843 A9 : 874.56 -
'58.47 2.49
4
90.18 1.77
| 61.62 8.02
8
893.44 2.16
m 60 57.42 0.66
' 55.86
S o 83753
Pl 2660 VI B Yoo\ ) Wiy | s
~ 804.03

S ARANTUNAINYINE

where; % Deviation = (Est.conc. hourn — Est.init.conc. houro) X 100

ESt. init. hour 0
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Table 22 Post-preparative (Autosampler) Stability of Analytical Method for

Determination of Glipizide in Plasma

Estimated SEao
Time Concentration Sopaerietion Estimated Mean of
(hour) (ng/mL) - — Concentration* | % Deviation*
(ng/mL)
59.61
60 7.17 59.71 -
0
900 31.7 811.08 -
194.
7.46 -3.77
6 -
0 . 2.49 2.64
A1 57.29 -4.05
12 -
9 A3 821.80 1.32
m 5.95 -6.30
4
4 59.8
ﬂ J ’] ﬂ 25 3.18

UEA Ny

782 6

ARRINTUNAINGINE

Where;

% Deviation =

(ESt conc. hourn —

Est.init.conc. houro) X 100

Est.init.conc. houro
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Table 23 Stock Solution Stability of Analytical Method for Determination of

Glipizide in Plasma

Active Time Pl Ao Mean of Peak Mean of
Ingredient (week) Area* % Deviation*
9720739
0 9733905 9728436 -
9730663
9754219 0.27
Glipizide
9820611 0.95
10176090 4.60
0.43
Gliclazide
457535 | 75074 -0.81
7816142 7809480 3.18

i)
— Init. Peak v0) X 100
imy bim
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6. Evaluation of Bioanalytical Method
Method validations for analysis of glipizide in plasma are established. It has
been proven to be specific, accurate and precise with the need of internal standard.
The lower limit of quantification and stability data obtained in this finding can be

successfully applied in bioequivalence study of glipizide without any limitations.

C. In Vivo Bioequivalence Studies
1. Drug-products
The same brands and products of 5 mg glipizide tablet

which have been tested f opert @ subjects for in vivo bioequivalence
——

study. 7

Twelve healthy ' e articipated the experiment. Their

2. Subjects

aboratory tests are presented
0 their healthy as well as the
f Thai FDA.

3. Plasma Glipizide Conc 1S
L _\w‘ A "* 4 - s
The plasma glipi ncentrations at’ mpling time upto 12 hours of 12

subjects followin stration o1 —"fi' of test and innovator’s
product in a replic ollected and assayed. Typical
chromatogram of any 51s for these plasma samples is 1;$strated in Figure 13 as well
as the QC i h analytical run for
accepting oﬂi’nﬁ ylﬂﬁﬁ Hmﬁ hese results conform
the acceptance criteria.

9 ARINIAUNNIINYIAY
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Table 24 Demographic Data of Subjects Participated in This Study

Subject no. Age (years) Weight (kg) Height (m) BMI (kg/m?)

1 %) 58 1.68 205

2 21 64 1.67 2.9

3 25 - 57 1.68 20.2

4 30 65 170 25

5 19 170 18.0

6 25 175 20.6

7 1.79 2.8

8 1.59 19.4

9 19.9
10 j 21.0
11 \ . 19.4
12 .64 20.1
Mean 20.61
S.D. 1.50
%C.V. Lo
Min 18.0
Max 22.9

ﬂUEJ’JVIEJ‘VI‘iWEJ’]ﬂi
ammﬂmumwmaa
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Figure 13 Chromatogram of Subject no. 9 for (A) Blank Plasma, (B) Plasma Sample
Spiked at 0 hr with Gliclazide (Internal Standard) 20 ng/mL, (C) Plasma
Sample at 6 hrs Spiked with Gliclazide (Internal Standard) 20 ng/mL.
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Table 25 QC Samples for Accepting an Analytical Run for Determination of

Glipizide in Plasma

Estimated
QC Samples -
Concentraion %Recovery %Deviation
(ng/mL)
(ng/mL)
60 63.87 106.45 6.45
-10.57
500 -8.00
2.46
900 10.93
-4.01
where; % Recbver; ., Estimated concen e x 100
% Deviationd =, = (L stimatet — Known conc.) x 100

Known conc.

\Z
]

AULINENINYINg
ARIANTUNIINGIAE
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Glipizide plasma concentration-time profiles of individual subject for test and
innovator’s product are reported in Tables 26 and 27, respectively. It is clearly
observed from data presented in both tables that there are wide variations of plasma
glipizide concentrations among subjects, especially those in the first crossover study
of the two brands. Absorption of the drug was also erratic. This is proven by the
AUC.1; and Cyax values of each brand are much less than its corresponding value in
the second time. Besides, the appearance of glipizide in plasma of subject no. 6 and

no. 10 was delayed and started a 3.5 hours after administration of test

products as well as irregular pla: i ntration of subject no. 9 was taken
place following innovato 4” glucose solution, a nutrient

(received test product ived int “product) participated in the first

concentration-time points.

L
AN

crossover study are s ' Figu lasma drug concentration-

time of all subject for ea‘c,h treatment is plotted and 1llustrated in Flgure 26.

4sub,ec%§,gwﬂwawmnﬁ
~ATSS T I

were observed (Table 50). No subjects withdrew from the experiment.
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Flgure 14 Plasma Glipizide Concentration-time Profiles of Subject No.1 Following
Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product
A = 1! Crossover Study
B

I

2" Crossover Study
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Flgure 15 Plasma Glipizide Concentration-time Profiles of Subject No.2 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product

A - 1 Crossover Study
B = 2" Crossover Study
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Flgure 16 Plasma Glipizide Concentration-time Profiles of Subject No.3 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product
A

1** Crossover Study
B = 2" Crossover Study
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Flgure 17 Plasma Glipizide Concentration-time Profiles of Subject No.4 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product

A = 1** Crossover Study
B = 2" Crossover Study
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Flgure 18 Plasma Glipizide Concentration-time Profiles of Subject No.5 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s

Product

A = 1** Crossover Study
B = 2" Crossover Study
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Figure 19 Plasma Glipizide Concentration-time Profiles of Subject No.6 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s

Product

A
B = 2" Crossover Study

1* Crossover Study
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Figureqzo Plasma Glipizide Concentration-time Profiles of Subject No.7 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product

A = 1* Crossover Study
B = 2" Crossover Study
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Flgure 21 Plasma Glipizide Concentration-time Profiles of Subject No.8 Following

83

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s

Product
A = 1** Crossover Study
B = 2" Crossover Study
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Figure 22 Plasma Glipizide Concentration-time Profiles of Subject No.9 Following
Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product
A = 1** Crossover Study
B = 2" Crossover Study
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Flgure 23 Plasma Glipizide Concentration-time Profiles of Subject No.10 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product

A
B

lst

Crossover Study

2" Crossover Study
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Figure 24 Plasma Glipizide Concentration-time Profiles of Subject No.11 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s
Product

A = 1 Crossover Study
B = 2" Crossover Study
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Flgure 25 Plasma Glipizide Concentration-time Profiles of Subject No.12 Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s

Product
A
B

1* Crossover Study

2" Crossover Study
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5. Pharmacokinetic Parameters
In this study, after oral administration of 5 mg glipizide tablet, the
pharmacokinetics parameters were observed and calculated from plasma glipizide
concentration-time curve. Principal pharmacokinetic parameters for bioequivalence

evaluation. They are elaborated in detailed as follows:

5.1 Area Under the Plasma Concentration-time Curves (AUC)

ubjects for test and innovator’s product

The AUCy.;2 and AUC,
are shown in Tables 28 and ZE espec /; mentioned earlier, there are wide

variations of plasma glipi ntrati -subjects. The AUCy, values

obtained for both products are-als is seen by the AUCo.12/AUCo.
ratios of some subjects ' time for collecting blood
samples were not com of the drug is sufficient to
obtain a well defined p . This finding suggests that
for a drug with wide#ariatioms, €alle ting time, for p sample should be extend

and longer than 3 t; @ D, _' €F Pe ning the second crossover study, this

were 1797.44 and 1713.40 ng.h ;;;_ of test ‘and_innovator’s product, respectively
and those correspogﬁng mean 7\660.,, ' .75 and 2553.72 ng.hr./mL.
The AUCq.12 and ?. of test prod 0s¢ of innovator’s product.

However, AUCy.12 ogtéét product 0 be sl@tly higher than those of

innovator’s product du%. g test product c%r.litains slightly on average more active

moiety as se€n)ifi} an Qg/!ﬁ i \ﬁ oﬂ@ransfonned data of
AUCy. 2 an;@j are presente mYaLlesﬁr?gj,] respectively. Results reveal
that the, formulation e ofsigni iﬁ 5)-This implies that
the tc@ ﬁ:ﬁfa ﬁﬁﬁrm ﬂ\mr ﬁﬂﬁlﬁnﬂtemﬁion of
subjectqand formulation is negligible.

5.2 Peak Plasma Concentration (Cyyax)

The mean peak plasma concentration for test and innovator’s product were

300.34 and 297.37 ng/mL, respectively as shown in Table 30. These values were



90

similar due to their similarity in percent content of active ingredient and uniformity of
active ingredient in dosage units. Generally, this term is related to absorption of the
drug which in turn affected by dissolution. In this study, dissolution of two brands are
rapidly as presented in Tables 6 and 7. The drug was promptly available to be
absorbed staring from the first 5 minutes. This suggests that absorption should be rate-
limiting step. Both formulations could be absorbed with the same rate as seen the
same Cp,y values are results. Analysis of variance as presented in Table 34 revealed

the same results as seen in the case of 2

reported that the ty. va 0 ¢ formu med in approximately 4-6
hours. This implies bSopti n, of glip b o circulation is quite slow,
supporting rate controllifig S " it Vi . The shorter tp,x assessed
after an innovator’s product 2 tiommay be, d to a better physicochemical
properties of glipizide as well as od g of fillers being used in the formula.
Analysis of variance of tpax in‘ Fable 35 presénted that the formulation effect had

showed no significant dif ice (p>0.05), ating-the two tmax values are

cqual. G

B K
ﬂuEJ’J‘VIEWﬁWEJ’]ﬂ‘ﬁ
QW’W&NﬂiﬂJ AN Y
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Table 28 Area Under the Plasma Glipizide Concentration-time Curves from 0 to 12
hr (AUCy.;2) of 12 Subjects Following Oral Administration of 5 mg
Glipizide Tablets of Test and Innovator’s Products in a Replicated

Crossover Design

S AUCq.12 (ng.hr/mL)
Test.1 Test.2 Ref.1 Ref.2

1 2292.51 14099.50 1681.61 222038

2 1329.0 \ 5140 1330.50 2109.11

3 1098231  168150" & 1201.67 1517.19

4 v 1697.06 2790.21

5 1658 \EH 358.42 1589.27

6 \\ 480.15 1656.56

7 98.31 1329.77

8 \ 02.43 197228

9 233.50 3056.86

10 1443.70 1185.79

11 1590.21 1912.73

12 1569.09 2074.83
Arithmetic Mean | 1713.40
sp. |77z | 48168
%C.V. | 28.11
Min 1185.79
Max < 3056.86
Geometric Mean v 165751
A a‘*ﬁ’.
oY O

o
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Table 29 Area Under the Plasma Glipizide Concentration-time Curves from 0 to
Infinite Time (AUCy.,,) of 12 Subjects Following Oral Administration of 5

mg Glipizide Tablets of Test and Innovator’s Products in a Replicated

Crossover Design

Subject no. v lEpinmy

Test.1 Test.2 Ref.1 Ref.2

1 3632.57 2285.48 2650.80

2 1607.94: 0 |\ 4i7; | 1848.53 2483.28

3 | " 2383.80 432723

4 125.04 3376.48

5 2977.91

6 1901.33

7 1518.80

8 2858.04

9 3750.49

10 1938.95 1294.06

11 1974.06 2271.13

12 1583.95 1889.08 2426.73
Arithmetic Mean 50 B 255372
S.D. S Y] 107333
%C.V. m 3.67 m 42.03
Min " ¢ n 53495 1294.06
Max | EJ f‘] ﬂﬂ&“‘ﬁw "" f‘ ‘35509.61
Geometric Mean | 228340 - 237596

¢
6

ali]

e
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Table 30 Peak Plasma Glipizide Concentrations (Cnax) of 12 Subjects Following
Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s

Products in a Replicated Crossover Design

Subject no. e 1)

Test.1 Test.2 Ref.1 Ref.2

1 303.50 513.44 248.12 394.65

2 213.77 | 193.04 532.99

3 13130 N\ 173.27 217.46

4 : 345.47 499.80

5 6 209.88 198.57

6 / ' 2.5 *'\ 01.26 274.63

7 Ry 58.42 229.41

8 4 dshe \\ 0.12 258.53

9 : 8 \ 81.32 504.93

10 [ ‘ | 93.13 346.69

11 , \ 290.99 385.66

12 310 - 355.71 392.76
Arithmetic Mean | 29737
S.D. 110.17
%C.V. 37.05
Min 158.42
Max | 675.50 532.99
Geomerne EJ’J NI NEIN: >
m E‘E 1.43

’Q‘Imﬂ\‘iﬂ‘ifu UA1AINYAY
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Table 31 Time to Peak Plasma Glipizide Concentrations (tma) of 12 Subjects
Following Oral Administration of 5 mg Glipizide Tablets of Test and

Innovator’s Products in a Replicated Crossover Design

Subject no. o)
Test.1 Test.2 Ref.1 Ref.2
1 4 4 4 4
2 2
3 10
4 2.5
5 6
6 25
7 33
8 aoy
9
10 2
11 2
12 25
Arithmetic Mean 3.96
S.D. 229
%C.V. 3 57.94
Min -'-'il ) | 1.50
Max ¢ 10.00 _ 10.00
S __aJ
AU INENINETINT
U

ARIANTAUNIINGIAE
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Table 32 Analysis of Variance for a Replicated Crossover Design at a. = 0.05 of Ln

Area Under the Plasma Glipizide Concentration-time Curves from 0 to 12
hr (Ln AUCq.12) of 12 Subjects Following Oral Administration of 5 mg
Glipizide Tablets of Test and Innovator’s Products and 90% Confidence

Interval for the Ratio of Ln AUCy.;» Means

Source of Variation | d.f. SS MS F-ratio | F-table SRR
' Level

Total - -
Sequence 4.96 NS
Subject (Sequence) 2.30 NS
Period 3.05 S
Formulation 430 NS
Subj. x Form. (Seq.) 2.30 NS
Error - -
Where; Subj. x Form. (S Formulations (Sequence)

df. = Deégrecof freedom

SS = Sum of squares

."ﬁ: atp <0.05

NS m ig lcﬂ difference at p > 0.05

SN NRS

"90% Confidence Interval

Test

I,,mﬁmmﬂ‘im Tr bR

0.9976

& B8l:s:
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Table 33 Analysis of Variance for a Replicated Crossover Design at o = 0.05 of Ln
Area Under the Plasma Glipizide Concentration-time Curves from 0 to
Infinite Time (Ln AUCo.,) of 12 Subjects Following Oral Administration
of 5 mg Glipizide Tablets of Test and Innovator’s Products and 90%
Confidence Interval for the Ratio of Ln AUC.,, Means

Significance
Source of Variation | d.f. SS MS F-ratio | F-table
‘ Level
Total 47 ; » - -
Sequence 33,1 0. 22993 | 4.96 NS
Subject (Sequence) 60 | 0 _ 91 230 S
Period S5\ Q% ' 1| 3.05 NS
Formulation 4 0. 430 NS
- L
Subj. x Form. (Seq.) : : 376 | 2.30 NS
Error 35 520 110.21 - - -
il
BEac
Where; Subj. x F eq-Jyiia ]] ormulations (Sequence)
P ore
d.f. ¥ T f freedom.
SS ,E% 7 of squares
M €
S ference at p <0.05
NS Iﬂ lﬁ%n difference at p > 0.05
¢ a

kg
Mean l‘n Amloq, ’i 90% Confidence Interval

NN Al

0.9610
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Table 34 Analysis of Variance for a Replicated Crossover Design at a = 0.05 of Ln

Peak Plasma Glipizide Concentrations (Ln Crax) of 12 Subjects Following

Oral Administration of 5 mg Glipizide Tablets of Test and Innovator’s

Products and 90% Confidence Interval for the Ratio of Ln Crax Means

Significance
Source of Variation | d.f. SS MS F-ratio | F-table
Level
Total 47 | 7.03 - - - -
Sequence 1 19, 0.1445 | 4.96 NS
Subject (Sequence) 1 50 1 0. 3234 | 2.30
Period 704 0. 0] 3.05
Formulation 430 NS
Subj. x Form. (Seq.) 290-40.1. 41 230 NS
SR A
Error & -
NE

Where; Subj. x q.) #=-4:68 Su ulations (Sequence)

d.f. -ﬁ“‘f‘i i : eedom

AL

SS Pt uares

MS m 7 square

S ifference at p <0.05

ifference at p > 0.05
onfidence Interval
Test (T) Ll
Innovat éﬂ'ﬁ 13.9
TR )7
q
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Table 35 Analysis of Variance for a Replicated Crossover Design at a. = 0.05 of
Time to Peak Plasma Glipizide Concentrations (tmax) of 12 Subjects
Following Oral Administration of 5 mg Glipizide Tablets of Test and

Innovator’s Products and Their Differences

Source of Variation | d.f. S8 MS F-ratio | F-table S
Level
Total 47 81.8704 § - = %
Sequence I | 0l 1.6062 | 4.96 NS
Subject (Sequence) 2.30 5
Period 3.05 NS
Formulation 430 NS
Subj. x Form. (Seq.) 2.30 NS
Error 4,948 '1 - -
Where; Subj. Forn ' :-' @\\ mulations (Sequence)
d.f. | f:. - [ freedom

..Mf‘

SS A O “ quares
MS square
S difference at p <0.05

NS y— = lF’f ifference at p > 0.05

Difference of tmax meani. (4.77-3. 96) x 100/3.96

ﬂ‘IJEI’J‘FIEJ‘VI’?WEﬂﬂ‘i
QW’mﬂﬂ‘im NN Y
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5.4 Related Pharmacokinetic Parameters
The pharmacokinetic parameters such as V4/F, CL/F, MRT, K., and t;p
were shown in Tables 36 to 40, respectively and summarized in Table 46. Analysis of
variance of these parameters are presented in Tables 41 to 45. The V4/F, CL/F, MRT,
K., and t;;; values of both formulations show no statistical difference (p>0.05) with

respect to their formulations which is the principal source to be concerned.

Table 36 Apparent Volume of Distrib
of Glipizide of 12 8

Glipizide Tablets of Test an ’s Products in a Replicated

Crossover ?‘

Fraction of Dose to be Absorbed (V4/F)

Oral Administration of 5 mg

N
Subject 10 7/ l\\““'

T ll/ ﬁ Refl Ref2
1 31090 1) 5 g;" 42217 9.9155
2 ' \ 32686 9.3483
3 21.2415 17.0027
4 _ 14.0170 9.9744
5 228025 14.3035 18.1262
6 _ T 156088 14.2505
7 CTas6ST | Isa547 | 18.7584 17.2427
8 w.l 3 20.9985 13.8877
9 132528 11.0498 22.9335 6.3363

el W?ZW M | oo

SR oll QPG A b Ao, 190
I 0 b3dooN ¥ 23

8.13 399
%C.V. 52.46 26.21
Min 59235 6.3363

Max 43.6153 229335
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Table 37 Clearance/ Fraction of Dose to be Absorbed (CL/F) of Glipizide of 12
Subjects Following Oral Administration of 5 mg Glipizide Tablets of Test

and Innovator’s Products in a Replicated Crossover Design

Subject no. e

Test.1 Test.2 Ref.1 Ref.2

1 1.3764 1.0049 2.1877 1.8862

2 3.1096 ) 28120 2.7049 2.0135

3 1.571€ \|7/ A 2.0975 1.1555

4 03467 b 2.3529 1.4808

5 07 2.39 2.9665 1.6790

6 g / 1.8 \\""’“-. 9245 2.6297

7 a3 /1) 20 \\\ 4515 3.2921

8 ¢ . o 9075 1.7495

9 \ 0742 1.3332

10 25787 3.8638

11 12,5329 22015

12 2.6468 2.0604
Arithmetic Mean 2.24
SD. 0.76
%C.V. — I AT
Min 1 0.9075
Max 03467 3.8638

ﬂ‘lJEl’WIEWIﬁWEI’]ﬂ‘i
ammnﬁm AN Y
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Table 38 Mean Residence Time (MRT) of Glipizide of 12 Subjects Following Oral
Administration of 5 mg Glipizide Tablets of Test and Innovator’s Products

in a Replicated Crossover Design

MRT (hr)
Subject no.
Test. 1 Test.2 Ref.1 Ref2
1 11.8843 7.3601 9.4374 7.7206
2 7.1260 9.6373 5.4431
3 23.0664 14.6513 20.1714
4 7.3584
5 14.3730
6 6.3112
7 6.3238
8 10.0441
9 8.0829
10 5.3394
11 6.5936
12 6.4430
Arithmetic Mean 10.13
S.D. : -~ 592
%C.V. AT By 5842
Min T 53394
M 25.0512 26.7201

RTINS
PRI TUAMINYAE
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Table 39 Elimination Rate Constant (K.) of Glipizide of 12 Subjects Following Oral
Administration of 5 mg Glipizide Tablets of Test and Innovator’s Products

in a Replicated Crossover Design

Subject no.

Ref.2

1 0.1902

2 0.2154

3 0.0676

4 0.1485

5 0.0926

6 0.1845

7 3.1914 0.1909

8 071843 0.1260

9 ) ? | 0.0468 0.2104

10 026294 \ 0.1669 0.2133

11 7200 0.1666 0.1688

12 1788 side 04 L 0.1743 0.1733
Arithmetic Mean 0.16
S.D. . _ i 0.05
ALY Ry o
Min | .0/ : i 0.0432
Max Ca 02029 o 0.2154

S TNTET I WS
PR TUAMINYAE
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Table 40 Elimination Half-Life (t;,) of Glipizide of 12 Subjects Following Oral
Administration of 5 mg Glipizide Tablets of Test and Innovator’s Products

in a Replicated Crossover Design

Subject no. trz ()
Test.1 Test.2 Ref.1 Ref.2
1 6.9031 4.0849 45050 3.6430
2 32175
3 10.2514
4 4.6678
5 7.4814
6 3.7553
7 3.6297
8 5.5013
9 7950 3.2937
10 3.2482
11 Sl . 4.1604 4.1066
12 019  APco3y | 39755 3.9998
Arithmetic Mean | ! 5.46
S.D. ; 3.47
%CV.  |[fobhi——— ] 63.50
Min : = 32175
Max 14.7475 16.0351

ﬂﬂ&l’i‘i’lﬂﬂﬁwmﬂ‘i
quﬂﬁﬂiﬁu AN Y
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Table 41 Analysis of Variance for a Replicated Crossover Design at o = 0.05 of
Appearant Volume of Distribution/ Fraction of Dose to be Absorbed
(V4/F) of Glipizide of 12 Subjects Following Oral Administration of 5 mg

Glipizide Tablets of Test and Innovator’s Products

Significance
Source of Variation | d.f. SS MS F-ratio | F-table
Level
Total - -
Sequence 4.96 NS
Subject (Sequence) 2.30 NS
Period 3.05 NS
Formulation 4.30 NS
Subj. x Form. (Seq.) 2.30 NS
Error - -
Where; Sub;. rmulations (Sequence)
d.f. ' w2l [ ‘_’-\c"
SS g n of squares
MS square
2] _’- ifference at p > 0.05
|

- §
AULINENINYINS
RIAINTUNRINYINY
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Table 42 Analysis of Variance for a Replicated Crossover Design at o = 0.05 of

Clearance/ Fraction of Dose to be Absorbed (CL/F) of Glipizide of 12
Subjects Following Oral Administration of 5 mg Glipizide Tablets of Test

and Innovator’s Products

Significance
Source of Variation | d.f. SS MS F-ratio | F-table
Level

Total - -
Sequence 4.96 NS
Subject (Sequence) 2.30 NS
Period 3.05 NS
Formulation 4.30 NS
Subj. x Form. (Seq.) 2.30 NS
Error = -
Where; Subj. ulations (Sequence)

d.f. Va0 ee of freedom

SS n of squares

square

-
-

\

3 _’- ifference at p > 0.05
X}

| !
I

AU ININTNEINS

PRIAATUAMINYAE
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Table 43 Analysis of Variance for a Replicated Crossover Design at o = 0.05 of
Mean Residence Time (MRT) of Glipizide of 12 Subjects Following Oral
Administration of 5 mg Glipizide Tablets of Test and Innovator’s Products

Significance
Source of Variation | d.f. SS MS F-ratio | F-table
Level
Total 47 | 1324.60 - - - -
Sequence 1 2.2640 | 4.96 NS
Subject (Sequence) 2.30
Period 3.05
Formulation 4.30 NS
. =
Subj. x Form. (Seq.) 15.0330 [0.5 2.30 NS
Error 49 \ - =
/I _ {\w\
Where; 2. ’\ \ ormulations (Sequence)

cedom

,@*\

SS
MS : - | square
r;rar -
S gnificant difference at p <0.05

.Hx '

ant-difference at p > 0.05

f_y,.—

E
ﬂ‘UEl’J'VIEWIﬁWEﬂﬂ‘i
Qﬁﬂﬁﬂﬂ‘im UAINAY
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Table 44 Analysis of Variance for a Replicated Crossover Design at o = 0.05 of

Elimination Rate Constant (K.) of Glipizide of 12 Subjects Following Oral

Administration of 5 mg Glipizide Tablets of Test and Innovator’s Products

Source of Variation | d.f. SS MS F-ratio | F-table PR
Level
Total 47 | 0.12450 - - - -
Sequence 1 : 6.1964 | 4.96 S
Subject (Sequence) .01 2.30 NS
Period 3.05 S
Formulation 430 NS
Subj. x Form. (Seq.) 230 NS

Error

Where; Suby;. . (Beg). T\ Sub \

. p\
e

MS | \
onificant difference at p < 0.05
difference at p >0.05

- edom

€

AU ININTNEINS
RINNIUUNIININY

ulations (Sequence)
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Table 45 Analysis of Variance for a Replicated Crossover Design at a. = 0.05 of

Elimination Half-Life (t;) of Glipizide of 12 Subjects Following Oral

Administration of 5 mg Glipizide Tablets of Test and Innovator’s Products

Source of Variation | d.f. S8 MS F-ratio | F-table b
Level

Total 47 | 487.890 - - - -
Sequence 1 2 9430 | 2.7838 | 4.96 NS
Subject (Sequence) 10 ! 1.1676 | 2.30 NS
Period 3400, | 267430.4-2:9326 | 3.05 NS
Formulation 70| 3 0:4.0.3994 | 4.30 NS
Subj. x Form. (Seq.) 2501 | 230 NS
Error ‘ - -
Where; Subj. X Fo, & 7 ormulations (Sequence)

d.f. o= dom

SS %:1 €s

MS — .-:'f are

NS T ignificant difference at p > 0.05

AU INENTNEINS
RINNTUUNININY




109

Table 46 Summary of Pharmacokinetic Parameters of Glipizide (X + S.D.) of 12
Subjects Following Oral Administration of 5 mg Glipizide Tablets of Test

and Innovator’s Products in a Replicated Crossover Design

e Product 90% Confidence
Test Product Innovator’s Product Interval
AUCq.; (ng.hr/mL) | 1797.44 + 752.10 1713.40 +481.68 86.5-115.1
AUCo. (ng.hr/mL) | 2520.75 + 1110.88 || [2553.72 +1073.33 81.2-113.8
Crax (ng/mL) 12996 1/2 +110.17 85.7-113.9
timax (hr) —396%2. E
V4/F (L) _
CL/F (L/hr) -
MRT (hr) -
Ke (hr') .
tin (hr) -

ﬂUEJ’JVIEJVIiWEJ’]ﬂ‘i
QW]NﬂiﬂJNW]'JﬂEJ’]MJ
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6. Bioequivalence Study
At present, only average bioequivalence study estimates are used to establish
bioequivalence of a generic drug products relative to an innovator’s product in
Thailand. The purpose of a bioequivalence study is to compare bioavailability
between two formulations of the same drug with respect to the rate and extent of
absorption. AUC is used as a measure of the extent of absorption, whereas Cax and
tmax are used as an indication of drug absorption rate.
Two drug-products that areyp

] tically equivalent are accepted to be
" the %C and Cpax values based on log-
Jati ﬂ&’ s product are contained within

80-125% of 90% confi - Rega ing.analysis of tn., the difference
between untransforme 0 1d innovator’s product are calculated but
it is not taken to be co bic ce decision

In this study, bi ansformed data of AUCy.j,
and AUCy., showe for the two values of test

product to innovator’ . 5. 5.1% ‘and 81.2-113.8%, respectively.

These values lied withi iequivalenge 80-125% as shown in Tables

32 and 33. Therefore, th reﬁnﬁ? 1id “be ¢ ered that the test product was
bioequivalent to the innovator:%ﬁ; spect to the extent of drug absorption.

- ;
L e

data’o ‘
versus innovator’s\product resuited in 90" e ifitervals of 85.7-113.9% as
presented in Table 34ﬁvi1ic ! !
innovator’s product witlajrghc acceptance c%aria of 80-125%, regarding to the rate of

drug absorpt%u EJ ’g qn EJ ﬂ W EJ r] ﬂ ‘j

The difference of tmax values of test and innovator’s product were 20.45%.

L S prurihiaied ik rh i

conducting the bioequivalence of a high variability drug-product in individual like

According to the ngs—transformed parison of the test product

st p oducﬂ'as bioequivalent with the

glipizide.
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7. Comparison of Pharmacokinetic Parameters of Glipizide
The pharmacokinetic parameters obtained from this study were compared to
those of previous studies. The comparisons are presented in Table 47.
Comparative of pharmacokinetic parameters of glipizide in healthy Thai male

volunteers found in this experiment agreed and closed to those previously reported.

AULINENINYINS
PRIAANTUAMINYAE



Table 47 Comparison of Pharmacokinetic Parameters
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Parameters References Values
AUCq.12 (ng.hr/mL) Present Study* 1713.4-1797.4
Zmeili et al. (1995) 12169.9-2278.8
AUCo (ng.hr/mL) Present Study* 2520.8-2553.7
Kobylins 7 al. (2000) 2011.5-2126.1
SN
(Present Study* Ze 297-300
L MeEvoy (2001) 310-450
Crnax (ng/mL) fant’ (1981); Zmeilinet 450-500
o (200014
¢ i&r\\\
cfen d: \ 4-4.8
;;‘f" 19 ,‘_\ 1"3
tmax (hr)
V4 (L) 15.2-15.5
Brogden et al. (1979 11.5-25
9 &™)
0 AUl IRENI A INT 2
q ‘ rogden et al. (1 i 24-3.0
A N L7
el A el
K. (hr L 1190.16:0.17
Zmeili et al. (1995); 0.2-0.25
Kobyliska et al. (2000)
ti2 (hr) Present Study* 4.9-5.5
McEvoy (2001) 3-4.7

*Data of present study are the mean value of test and innovator’s product.
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