CHAPTER IV
RESULTS AND DISCUSSION
In Vit Studi

Regarding to fundamental in determining dosage form

effectiveness, alLM x| cial brands of norfloxacin
tablets were te: o snl@ of weight and content

| —

of active marized in Table 2

revealed £ the United State

Pharmacopoeia mity of weight with-

in the range he content of active

ingredient ofy n the 80-110% 1limits
as specified Pharmacopoeia XXII
monograph (Unite oeial Convention, Inc.,

1990). Therefo s5e datalindicated that all various

The pgrpose 0
uniform tablet % \sﬂ t in the overall
quality @Mﬂﬁﬁﬂﬁﬁa Z[iiﬂrihargel and - -Yu,
19 it fit q? w'ﬁ" ia XXII nor
thﬁﬂja{ﬂimgﬁ:j oﬁﬂs a zrsintegration

time specification for norfloxacin tablet. However,

test is to monitof

disintegrati

disintegration time requirement is currently official for
film coated tablet under the British Pharmacopoeia 1988.
Most of the norfloxacin tablets disintegrated completely

in distilled water within limit time (less than 60
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minutes) except for those of brand C in which the
disintegration time was over one hour, evenafter it was
placed in 0.1 N Hydrochloric acid, the disintegration
time was still exceeding an hour as seen in Table 2. The

rank orders in term of mean disintegration time were

brands C > D > F > E > B > A. Statistical comparison
indicated that Wared with brand A, the
disintegration “ &ds C, D and F were

significantly longer (p ¥ 0+05)-as shown in Tables 3 and 4.

g.c\ rate of tablet

%N

disintegrati s in composition of

tablet (eg of lubricant,

surfactant : nufacturing method,
compressional concentration of
disintegrant an : o ition, type and composition
of coating, o3 ted product and storage

and Yu, 19835).

The mlslﬁtegra ion
importa %4 tion is unlikely
to aeﬁz'rﬁ ﬁﬂ?] Wjﬁiorption of drug

ﬁﬁ i ﬁir Only the
dlsqmgra@qﬁf)i Hm y]:Ej]FL the ultlmate

dissoclution which may be : retarded by hydrophobic

of ta et although 1is the

lubricants  in the formulation (Niazi, 1979).
Disintegration test does not guarantee that the drug will
in effect dissolve, therefore a dissolution test

performed on the drug product is a better guide to 1its



Table 2 Physical Characteristics o
of Norfloxacin Tabletsh

Vitro studies of six Commercial Brands

i
— , o
Brand Weighta % Labe ~-F"’?'-' j?-E!!‘h % Dissolved® Dissolution®
(g) : amgc A/ o N at 30 min rate (hr—l)
: w1

A | 0.6441£0.0037 | 10372880468 | (1. 7080229, | 123.19:5.40 12.7744.13

B | 0.5634£0.0073 | 101792#0413 44 3.9640\32 97.14%3.34 13.9745.65

1/ el , :
c 0.8220+0.0114 110.87 -85 i 4B 9.20+1.41 0.52+0.11

D 0.5376+0.0181 104.98 114.61410.36 12.69+6.18

E 0.6447+0.0096 5 T5E TS W] 98.31+14.36 5.60+2.53

F 0.7225+0.0041 1¢5EL®14 49 ikl .29 ﬂu 107.5814.04 9.48+1.63

R U F VTR oo,
° ° g aaﬁﬁ‘ﬁﬁmm 48
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Table 3 Analysis of Variance for Disintegration Time

of Six Brands of Norfloxacin Tablets

Source of variation d.f.2 ssb - Ms®© rd

17266.33 3453.26 253.41

Among groups 5

Within groups 408.82 13.83

Total 7675.18
83
a
b
c
qmrjhe table
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Table 4 Comparison of Disintegration Time of Locally
Manufactured Products with Innovator’s
Product (Brand A) in buffer pH 4.0. Using

Student’'s t-test

t valde (calculated) Statistical

Brand Significance

NS

NS

M oom- 8 W

ﬂS‘lJ%J %ﬂﬂ%‘lﬁ?ﬁﬁ‘m 9

= ‘not s1qp1f1cant at p > O. 05

Qmmmawmwm e
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subsequent biocavailability. Dissolution rate testing is
the most sensitive and reliable mean to assure product
quality and uniformity, assure bioequivalence among
generic drug products and rotational for use in
correlating or predicting in-vivo drug products

biocavailability behavior. Consequently the FDA

biocavailability/bioe:

S

JJﬂcy regulations rely on in-
vitro dissoluti s to assure 1lot to 1lot

biocequivalenc

ing to the Method 1II
in the Uni B oeia XXII, the compendial
- monograph da { J.i _- that the amount of
: 2\ lets after 30 minutes
should not les; x S E:W.’ belled amount, was used
in - this - study ble 5, illustrated the

dissolution times of all six brands

\

of norfloxac D li;O. Brands A, B, D,

E and F reacf}d';w stﬁ}e within 120 minutes
whereas the eqplllbrlum st e of brand C extended to 270

o] 4845 wmlwsmmrm

Edwcq AN NBIINGINY.

The dissolution rate constants (Kg> were
calculated from the slope of ﬁhe first order plot between
the amount of undissolved norfloxacin (Boo - Bt) versus
time 1in semi-logarithmic scale and the corresponding

values were reported in Table 2. Rank order of six
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Table 5 Dissolution Data of S

Brand
Time

(min A

5 83.19+33.01 | 54.92

10 |128.41+ 4.69 | 96.

15 [128.32+ 3.61 | 98.92

20 |129.44+ 4.62 | 98.39+

25 |126.36+ 3.87 | 98.30%

30 |123.19+ 5.40 | 97.14+

45 121,70+ 1.98 | 97. :
60 |121.70+ 2.20 | 95.89+ 2.7:2
80 |121.14+ 3.22 | 97.%4s 8¢
100 [119.09+ 4.52 | 95.%8% 2.11
120 [123.10+ 4.64 94.0)29 -
150

180 i W
20 UL
240

270

a

68.85+12.11

B3E 8.

Dissolved?
D E ¥
.85+13.35 6.09+ 6.91 9.62+ 5,59
06431 .91 32.59+21.84 41.55+20.02
.60+33.41 59.85+27.5% 89.78+12.56
.54426.95 80.33+17.59 | 111.21+ 4.74
.03+16.72 88.77+18.80 | 119.66+ 7.15
61+10.36 98.31+14.36 | 107.58+ 4.04
57+ 3.06 | 108.58%+ 7,02 | 3111.21% .4.49
85+ 2.18 [111.30+ 5.80 | 106.12+ 6.34
e 8+ 1.70 | 112.39+ 7.00 | 109.03+ 5.56
et 9.17 1 112.93% 6.75 | 113.57+ 2.93
1?} 45+ 1.80 [111.94410.99 |114.75+ 1.79
-
MAMIINYIY
| | -
values are mean + standard deviation (n = 6)

106.80+ 4.8%,

BRI

9¢
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brands in terms of dissolution rate constant were brands
B > A>D>F >E > C. Comparison of the dissolution
rate constants by analysis of variance and student’s t-
test were presented in Tables 6 and 7. Dissolution rate

of brands C and E were statistically significant 1lower

C showed poor dissolution

than that of brand A (p < 0.05) whereas the others were
not. The reason t
kinetic might

disintegrat iorjy

formulation a '! : ess. This means that

ctors which affect the

variations in the

brand C was f E ik 74 O | ate and extent of

dissolution f duct (brand A).

t there are examples
of drug prod : ‘472“_“. meet the compendial
standards for di s~g;>;'-’” evertheless are relatively

- well absorbed. ' t» “to _this study, Smolen and

Ball (1984)= 'al products which

meet identiciﬂ the "hiﬂmacopoeia dissolution

testing requlge ents can fer significantly in their

"1°ava1ﬂv%ﬂ’% VIEW]'EWEﬂﬂ‘ﬁ
bran‘,s &[asegnjmg‘lﬂquzl 'Taagly different

medium and 1low dlssolutlon
characteristics were selected to assess bioavailability

relative to innovator’ s product.
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Table B : Analysis of Variance for Dissolution Rate
Conétant of Six Commercial Brands of

Norfloxacin Tablets in buffer pH 4.0

Source of variation a.£.% ssb s Fd

Among groups 816.54 163.31 6.28

Within groups = Gl 773 .83 25.99

Total ; 96.17
\\\\
-5\\\\32.53
SN AN
a
b
C 2T
d "
e 3 value hd table

[ B —
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Table 7 Comparison of Dissolution Rate Constant of
Locally Manufactured Products with
Innovator’s Product (Brand A) in buffer pH
4.0. Using Student’s t - test

t value (calculated) Statistical

Brand son with Significance
B NS
C S
D NS
E S
F NS

A )

.
Ut U
Fr
| J

‘pot 51gn1f1cant at p > 0,08

FW’EJ’J?WWB”WE*PWE
QW’WﬁNﬂ‘iﬂJ NW]'JV]EI']GEI
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In Vi Studi

Although dissolution test may assess
bioavailability, however such tests are useful mainly as
means of screening preliminary formulations and as g
routine quality control procedure. The FDA has indicated

clearly that in-vitro testing alone often dose not ensure

H//E bioequivalency should be

bioequivalence.

based on ability and clinical

1, 1984). Certainly,

in this res vy study was carried

out 1in hesa local manufactured

brands of ich showed maximum

(brands B), minimum (brand C)

dissolution to the innovator’'s

Severs ‘fﬂ» quid ohromatographic
methods have already been descrlbed for the determination

B TN NGy oroe o

sample Preparation (Eoppana and Swanson, 1882; Montay
o GTFEE) PR RISV ] IR sosorsoes
have®l not incorporated an internal standard (Boppana and
Swanson, 1882; Forchetti et al., 1984). In this study
the method employs a single-step protein precipitation of
norfloxacin and the internal standard was used in the

analysis. According to the discovery of Montay and
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Tassel (1885) that the use of fluorometric detection -1is
disadvantageous since the alkaline pH of the mob11e phase
dramatically decreases the fluorescent properties of
norfloxacin. Thus, during the development for improving
the assay, an acidic mobile phase on C18 reversed phase-
jon-pairing HPLC sorbents was also investigated and found

that this acidic mobi the fluorometric

detection.

standard ar Jure " e retention times of
norfloxacin were 5.66 and 3.68

minutes, res L . lan 11 \ tectable concentrations

internal stan %i ~sms was evaluated by comparing

the peak heigh fﬁ§ﬁ%ﬁe-> ol - extracted with the peak
height I Percent recovery
calculated‘ '§= L_the height of the plasma 'sample
peak by tharhi i *K!eak for norfloxacin

and internal ‘standard averaged 10 .87 + 9.84 and 101.00 %

12.08 ﬂéﬂs%c’}&ﬂtﬂﬂjm RFRYAPEC readily provided

linear results in the normal analytlcal range.

Caﬁ]i%’}a @ﬁﬁm%ﬁ%w quﬁﬁ were linear
up to at least 2.5 amg/ml and typical least-square
regression lines for peak height ratio were Y = 0.7233 X
+ 0.0084 (r2 = 0.999) (Y = peak height ratio, X =

concentration in Aag/ml).
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Z. Clinignl_thgzxatiQn

No side effects and/or any indication of
intoxications were associated following oral
administration of norfloxacin tablets to volunteers

throughout the study.

3.

&10){5\0:3 at each sampling
time ranging ter administration of
brands A, aih Tables 8 to 11,
respectively _f;$ U  3 _plasma norfloxacin
concentratio i : : 5 ."5 ‘ 2~squects were shown
graphicallyv | can be seen after
achievement ations, all plasma
concentration exhibit an exponentisal

decline over the mean plasma

gach product were

‘Hloavallablllsy is n absolute term that
B B TYRRIBA 1) BB T e enoon
(ex%ent) of drug reaching the systemic circulation after
an administered dosage form. These factors can be
evaluated by determining pharmacokinetic parameters
derived from plasma concentration versus time curves. In

bioequivalence study, a drug in similar dosage forms meet



Table 8 Plasma Norfloxacin, CC rations” (ug/ml) from 12 Subjects
Following Oral A c&;ﬁf of 400 ng. Norfloxacin Tablets
Brand A ‘=: ﬁ
| —
Subject / n-- -
No.
.5 1.0 1. %//“k 6.0 8.0 12.0
1 0.0000 0.3541 1.116 O " 14 fk6‘~ ®.4919 0.3383 0.2581 0.1878
2 0.0895 0.0182 0.0 ,—0 ) .0 .4935 0.3181 0.2021 0.1569
3 0.7566 1.4552 1:613 "4 76.6380 0.4768 0.3918 0.1974
4 0.4078 1.4177 1.10€ 0.6276 0.3749 0.2788 0.1800
5 0.7367 1.3868 0.8939,0 0.4743 0.4020 0.3660 0.2220
6 0.8350 2.0701 1.8207 1.0012 0.6335 0.5666 0.3579
7 0.3723 2.1559 2.7087 .P267 1.2389 0.8514 0.5783 0.3376
8 0.3933 0.5715 ©.4030 @ 4 } Q 0.2408 0.2063 0.2023 ¢.1938
9 1.9603 3.9772 2.98: 1¢5057 1.1984 £.9472 0.6794 0.3550 0.2630
10 0.2105 1.74068 2.972 A 9102 0.6117 0.5083 0.2369
il 4 0.8524 1.4381 2.0576 ; i .1961 0.7884 0.6331 0.3015
12 0.1905 0.5945 ©@. 6§34 0 0. 63ﬁﬂ0.2968 0.2330 0.2062 0.1114
MEAN 0.5686 1.4317.,1 9529 0.7131 0.4970 0.3789 0.2288
SEM  |0.1455 0.239ﬂmﬂ %ﬁg 'fw %ﬂ 32 0.0605 0.0436 0.0205

amaﬁﬂmuwﬁ R

* concentration = 0ak t =0 1o

>
>



Table 9 Plasma Norfloxacin C
Following Oral Admi

centrations® (ug/ml) from 12 Subjects
ﬂ ion of 400 mg Norfloxacin Tablets of

Brand B
Subject
No.
0.5 1.0 4.0 6.0 8.0 12.0
| 1.4865 2.5229 1 0.5640 0.4066 0.3169 0.1983
2 1.0899 1.9367 2.476 6 0.8094 0.4977 0.5737 0.2067
3 0.2616 0.8047 1.3 1.0376 0.8402 0.6249 0.4293
4 0.5731 1.0827 1 0.6113 0.4372 0.3255 0.1429
5 0.3655 2.2150 2 /89 ¢1.4629) 1,3408 1.0840 0.6721 0.5694 0.3268
6 1.4022 2.9975 2.1954f1 1359 732 1.4753 1.1752 0.8574 0.6145 0.4986
7 0.1967 1.0655 1.6780 2 =3 43 1.0536 0.6423 0.5018 0.2613
8 1.8753 1.7048 1.8179 1.8 0281 0.6993 0.6221 0.5220 0.3023
9 0.0182 1.2949 1.0452 0. ggiiiﬂfa 0.0 0.6296 0.3725 0.2898 0.1914
10 0.1180 ©0.2087 0.2652 0.1934 0.311 0.1934 0.1169 0.0845 0.1030
11 0.1180 0.5177 0.53&8—6=52 23d=4:596250.9997 0.5809 0.4381 0.2431
13 1.9750 3.0772 2.MEEE $.5850 0.5269 0.4194 0.1313
MEAN 0.7817 1.6190 5 1.3606 1.2270 1.0855 0.7869 0.5477 0.4401 0.2571
SEM 0.2047 @.261quﬁ ?r;.iﬁﬁam 0.0568 0.0447 0.0321
tJ

AN AIN I ll‘lﬂ’l'] NI .......

% concentration =

1514



Table 10 Plasma Norfloxacir
Following Oral

Brand C é /

*
rations (ug/ml) from 12 Subjects
of 400 mg Norfloxacin Tablets of

Subject
No.
0.5 “‘E;ZZEIEE!E§§SEEEE\ 6.0 8.0 12.0
1 0.0000 0.1063 0.1233 040 2§ ?E h «a’ .8 '0.0985 0.0798 0.0000 0.0000
2 0.0784 0.1701 0.1403 ; 933@), ,,u 1526 0.0819 0.0791 0.0569 0.0056
3 0.2622 0.3730 0.2816 ~2094 3 0.1381 0.0954 0.0704 0.1073
4 0.0000 0.1049 0.2598 44 ., 90 0.2505 0.1835 0.1673 0.0913
5 0.1011 0.1610 0.1108 fs;;_ 12820 .0791 0.0939 ©0.0753 0.0056 0.0000
6 0.0529 0.1345 0.1312 : 0.1081 0.0703 0.0833 0.0000
7 0.1563 0.2100 0.1837 0 .0828 0.0887 0.0450 0.0000
8 0.2818 1.0806 1.2fi2—1-8=2 B2 —dralnd . 3902 0.6848 0.5107 0.3126
9 0.1106 0.6114 1. uéizf. 5618 9%0.7046 0.5761 0.3260 0.2159
10 0.0000 0.0000 0.0000 0.1 0.35 u.391@ﬂm 8094 0.9102 0.4900 0.2506
11 0.0000 0.4385 0.6048 0.6326 0. 4833 0.3872 0.3466 0.1869 0.1160 0.0896
1.2 0.0000 0.3536 . 443 8 0.3431 0.1658 0.1080 0.0712
MEAN |[0.0869 0. 31201p 3762 a 4383 0. 4745 0.4004 0.3290 0.2663 0.1649 0.0953

SEM 0.0280

(S

.0797 0.0494 0.0302

0.0820 0.1054 0. 1637° 0.1398 0=1201 0. QBW

% concentration = 0 at t = 0 for every subjects

97



Table 11 Plasma Norfloxacin ' rations® (ug/ml) from 12 Subjects
Following Oral .A n of 400 mg Norfloxacin Tablets of
Brand D
Subject
No. :
0.5 1.0 4.0 6.0 8.0 12.0

1 1.2794 2.3017 2.49§ & 4y 136 0.8124 0.4952 0.3359 0.1910
2 0.1545 0.6452 1.0 2 A 58341 72 )€ 0.9848 0.7246 0.6362 0.3365
3 0.2356 3.2105 1.9744 : 324 0.7677 0.6150 0.4121 0.2722
4 0.0000 0.3029 0.8090 AL 0.6058 0.6112 0.4293 0.2167
5 0.5731 0.8873 0.8981 0.‘“"' 0.5396 0.3566 0.2864 0.1555
6 0.2910 1.5122 1.6090 0.9069 0.6998 0.4159
7 0.1327 1.4488 1 0.7913 0.4984 0.4386 0.2819
8 1.0402 1.8577 2. 8475 0.6560 0.5829 0.2928
2 1.1858 3.3040 2.2949% ) 6853 0.4297 0.3648 0.2571
10 0.4867 1.0095 1.511 : 0.6476 0.4609 ©.4351 0.2187
b [y 0.0000 0.0000 - ] 1 0427 1 1427 5 5986 0.8563 0.5418 0.4356 0.2194
12 0.1980 0.7577 3 D, 8 ) Fﬁﬁzﬁ.ﬁlss 0.4235 0.3173 0.1859

‘ | AN
MEAN [0.4652 1. 43691} 5681 1 6116 1 3635 1.3073 0. 8136 0.5600 0.4478 0.2536
SEM 0.1268 0. 2943 0.2044 0. 143 : I®423 0.0355 0.0200

Ly
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PLASMA NORFLOXACIN CONCENTRAT[ON

SUBJECT NO.1
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Figure 4 Plasma&r .
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PLASMA NORFLOXACIN CONCENTRATION

SUBJECT NO.2

PLASMA CONCENTRATION (ug/ml)

I" ’
Figure 5 Plasma Erfloxacin Concentration-time Profile of Subject No.2

ﬁlﬂ'ﬂﬁ’w’g‘ﬂfwg ﬁoﬁﬁ"orfloxacin Tablet

Key : - BrandA(D) BrgndB(-l') Brandc( ) , Brand D ( A )
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PLASMA NORFLOXACIN CONCENTRATION

SUBJECT NO.3
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PLASMA CONCENTRATION QJg/mI)

Figure 7 Plasma Nﬂi

-

PLASMA NORFLOXACIN CONCENTRATION
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PLASMA NORFLOXACIN CONCENTRATION

SUBJECT NO.5

PLASMA CONCENTRATION (ug,/mi)

Figure 8 Plasma Nmfloxacin Concentration-tﬂ Profile of Subject No.5

LN

Key : Bra A(n) , Brapd B ( + ), Brand C (4) , Brand D (A )
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PLASMA NORFLOXACIN CONCENTRATION

SUBJECT NO.6

3
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Figure 9 Plasma No;ifgxacin ConceWation-time Profile of Subject No.6
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PLASMA NORFLOXACIN CONCENTRATION

SUBJECT NO.7
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PLASMA NORFLOXACIN CONCENTRATION

SUBJECT NO.8
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Figure 11 Plasma ‘mrfloxacnx Concentration-mne Profile of Subject No.8

ﬂ]ﬁﬂ %W‘B%Wﬁﬁ ﬁmﬁmrﬂoxacm Tablet

Key BrandA(D) B@ndB(-}- ,BrandC(’),BrandD(A)

Q‘W']ﬁNﬂ‘mJ lIW]'JWEI']ﬂ d



56

PLASMA NORFLOXACIN CONCENTRATION

SUBJECT NO.2
4
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Figure 12 Plasma Nq oxacin Conc%;:ratlon-time Profile of Subject No.9
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PLASMA CONCENTRATION (ug/ml)

T ;
Figure 13 Plasma mrfloxacin Concentration- -iv Profile of Subject No.lO.
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SUBJECT NO.11
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PLASMA NORFLOXAC[N CONCENTRATION

SUBJECT NG.12
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the bioequivalence if it reaches the general circulation
at the same relative rate and the same relative extent,
such that the plasma level profiles of the drug obtained

using the two dosage forms are, within reason,

“superimposable” (Disanto, 1885).

The relevant pharmacokinetic parameters for

biocavailability comps ‘#/amed from this study were

D '\Nl

peak plasm following oral

administratio cin tablets varied
widely rangin f ‘ 53980 }.1; ml (Swanson et al.,
1983; Lode et : is - sd0@8).  In o this
present study, levels for each
treatment 7 lets were observed from the

plasma concen of 12 subjects as

U

D were 1.87 % 0 28 1.86 % U 22, 0 60 + 0.18 and 2.05 =

0.21 /ug/ﬂ uﬁﬁ%W?Wﬁqzﬂjﬁj of peak plasma

norfloxacin concentratlon was brands Peh B 2.8 2C Cat . p

"N PRABGTHA TG T B vrns o

peak plasma concentration significantly lower than

shown in Tab ‘-r brands A, B, C and

the innovator’s product, brand A (p < 0.05) [Tables 13
and - - 147 . This could be due to the product brand C¢C
exhibited 1longer disintegration time and slower rate of

dissolution.
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of

Table 12 Peak Plasma concentration. (Cmax )
Norfloxacin Observed Directly from the
Plasma Concentration-Time Curve of Each
Individual Following 400 mg Oral
Administration of Four Different Brands of
! l: ;
Wiz
Subgect 4 .é'max (ng/ml)
0. T —
C D
i 0.12 | 2.48
2 0.20 2.16
3 0.37 8.23%
4 0.61 1.62
5 0.186 G.81
8 Ao oo 0.13 2.69
‘ § .23 1.84
8 1.83 2.1
) ﬂ‘lJEJ’J‘LﬂEJVIﬁWzEJ’m‘L 3.0
1 1:53

lﬁmamﬁuwﬁﬁwmﬁi

MEAN
SEM

0.63 3. 0.51 1.08
1.87 1.96 0.60 2.05
0.28 0.22 0.186 0.21
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Table 13 Analysis of Variance for Peak Plasma
Concentration of Four Commercial

Norfloxacin Tablets

Source of variation d.¢.% ssb MS€ o

Among groups . 16,83 5.61 '8.865

Within gronses 8 .54 0.65

Total 38
.824

a

b

c

d

value obtalned from the table

ﬂ'lJEJ’J‘VIEJTI‘iW gIN3
amaﬁmmumaﬂmaa
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Table 14 Comparison of Peak Plasma Concentration of
3 Different Brands ( B, C, D ) with the
Innovator’'s Product (Brand A). Using

Student’'s t -test

t value (calculated) Statistical
Brand ~Significance
B NS
c S
D NS
NS > 008

AU INENTNEINS
RINNINUNIINYINY



4.2

The time to peak plasma norfloxacin level

also obtained by reading directly from plasma
concentration time curve of each individual as shown in
Table 15. The average peak times were 1.83 + 0.18, 1.52
+ 0.20, 1.81 £ 0.20 and 1. 66 + 0.11 hr. for brands A, B,

¢ and D, respectl ’ here were no staistically

significant dif hese brands for this

nd457

. L%

\'\

parameter (Tabl lar results were found

by other inve egorted in the range

of 1 to 2 hr,. Adhami et al., 1984;

Holmes et al.,

imated by CSTRIP program

from individual pl four different brands of

each formu‘g were 8.62 + 1.03,

i

10.42 + 0.945

o]
- 0.81 ag.hr/ml. for
I '

brands A, B, and D, respectively.— Statistical analysis
* Tabﬁﬁﬂ?ﬂﬁ?ﬂ?ﬂﬁ’]ﬂ“ﬁ oo
significédnt dif ference among brands and D ‘except

AR AN T

extént of drug absorbed from br was statistically

significant 1less than any other brands. The values of

o

o in this study were higher than those previously

AUC
presented by Wise et al (1984) as 5.4 + 1.7 mg.hr/ml.
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Table .15 Time to Peak Plasma Concentratiqn ¢ YRR of
Norfloxacin Observed Directly from the Plasma
Concentration-Time Curve of Each Individual
Following 400 mg Oral Administration of Four

Different Brands of Norfloxacin Tablets

- ﬂumwﬂmwmm%g %
lwwmn'smwwwmau o

SEM : VAR 0.20 0.20 0.11
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Table 186 Analysis of Variance for Time to Peak Plasmsa
Concentration ' of Four Commercial

Norfloxacin Tablets

Source of variation d.f.2 ssb MS© rd

Among groups h ; ' 0.54 0.18 - 0.44
Within groups.. ¥ =7 .98 0.41

l ariance rs

uﬁ?ﬁﬁﬂ*ﬁ‘ﬂﬁﬁﬂf"“
QWW ﬁNﬂ‘iﬂJ llW]'J wma |

P o
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Table 17 Comparison of Time to Peak Concentration of
3 Different Brands ( B, C, D ) with the
Innovator’s Product (Brand A). Using

Student’'s t-test

t value (calculated) Statistical

'son with Significance

NS
NS
NS

AU INENINEINS
RINNIUNRINGINY



Table 18 Area Under the Plasma Concentration-Time
» ‘ ' Curve (AUCES of Norfloxacin from 12 Subjects
Following 400 mg Oral Administration of

Four Different Brands of Norfloxacin

Tablets -
Subject [Aucfoug. hr/ml)
No. . A

C D
1 8.45 9.85
.l 2 0.81 10.47
3 4.22  10.68
4 1.83 7.99
5 2.44 8.26
6 1.53 1747
7 0.94 10.18
8 10.53 12.44
g 9.07 11.39
* 10 : 5.78 b 808
13 3 3.89 7.70
12 ﬂuﬂ Mgﬂﬁﬂﬂ’]ﬂi 2.74 6.66

wwmnmwnwmaa

1.08 . 0.84 0.83 0.81




Table 19 Analysis of Variance for [AUCi?of Four

Commercial Norfloxacin Tablets.

Source of variation d.f.2 sgb MsC Fd

276.08 82.03 8.06

Among groups

Within groups = 502.27 11 .42

Total .k % 78.35

e /i .jdhe table

AugINENIngINg
ARIAINTAUNININYIAE
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Table 20 Comparison of,[AUCi:of 3 Diffefent Brands
(B, G, D). with the Innovator’ s Product

(Brand A). Using Student’'s t-test

t value (calculated) Statistical

Brand comparison with Significance

NS

NS

ﬂUEJ’JVlEJVI‘ﬁWEJ’]ﬂ‘i
ammnimumawmaﬂ
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4.4 The Relative Bioavailability

Absolute bioavailability of norfloxacin is
unknown because an intravenous data is not currently
available. Relative bioavailability is a relative amount
of drug which compared to that of a standard (innovator s

product) (Shargel and Yu, 1985). In this study, the mean

relative biocavailabilit ulated using equation (3D

as described unde ~ CHAP HATERIAL AND METHOD).
The values of latlvely to brand A

were 120.88, » ectively.

norfloxacin f > -,ornal ministration of four brands

were summarize

these paramet ds revealed that only

lower than those of

Jerice in term of the

extent of abg: nt e rg:e, meanwhile Cp_.,
x and AUC off bxands A, Basnd D were similar and these

vaites E'l UUIABUNIHENNT 200 anons anc

between each others. These implied that bbéands A, B and
D W’Qﬂ’]@inimum:}t’lnﬂa a&lath the rate

and extent of drug absorption.
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The in vivo result was best described by
compartmental method. Using the computer CSTRIP program
(Appendix E), results obtained demonstrated that most
data were Vwell described by a triexponential equation
referring that pharmacokinetics of norfloxacin tablet in

Thai healthy volunt 2T'S ¢ e explained in terms of a

The ( & ameters of norfloxacin
;:%\ﬁ» plasma concentration
~ \ to 26 and summarized

W\

derived from mog

time data were

in Table 27.
Siv:l
" absorption rate constant
obtained from .1 plasr ta  of 12 subjecs were

presented inf vagde absorption rate

constant for mrands A, B, andD wﬂe 1.49 + 0.13, 1.96

e BN ﬂﬁﬂﬂ’iﬁ o gl
MY AR b WL T N

significance was observed among these values (Tables 22
and 23), indicating the drug from all products tested was

absorbed into blood circulation with the similar rate.
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5.2 Half-life

Adhami et al (1984) repofted that the half-
1ife of norfloxacin ranged from 3 to 4 hours while Eandi
et al (1983) founded that the elimination half-life of
norfloxacin were between 2.8 to 5.8 hours. Also Holmes

et al (1885) showed this parameter ranging from 3.5 to

8.5 hours. In datas were excluded

because of high.iftra j ﬁﬁtlon Deleting these

datas did no As can be seen the

concentration .= e detected at time

zero followi blet a week later

(Tables 8 t obtained from

this study 1 ha i ’ﬂ:\ hy volunteers, the
norfloxacin determined from
compartmental ana i ;J;_,»Q  A, B, C and D were 5.386

+ 0.74, 4.52 + 0.7%5/8,98 £/0984 and 4.76 + 0.32 hours,

~values were not
statlstlcally :F ‘among and between

each other as‘shown in Tables 25 to This result

expressecﬂ %hﬁ ’J %BW?SN:S ’}lﬂ{%rence in  the

ellmlnatl process amogg varlous marketed roducts

RSN IUNAIININ D oo

this study were slightly different from those reported by
other investigators. The factors possibly responsible
for these may be due to interpretation of the differences
in subject population, (i.e. the differences in their

race, age, weight and normal habits), study conditions,
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Table 21 Absorption Rate Constant (K) of Norfloxacin
from 12 Subjects Following 400 mg Oral
Administration of Four Different Brands of

Norfloxacin Tablets

Subject K, (hr™1)
No. _ Tl
+ D

1 2.22 1.72
2 %18 0.63
3 2.37 1.686
4 0.43 1.11
5 2.36 1.95
6 237 1.34
7 2.30 1.38
8 1.24 1.85
g 1.59 2.03
10 0.43. ..  §.78
11 1.85 0.396

12 ﬂuﬂqznﬂﬂﬁﬂﬂqﬂi 1.39 1;31

M&wwmnwumwm&ﬂ 1.6

0.13 Q. 28 0.20 B.12.




7

Table g Analysis of Variasnce for Absorption Rate
‘ Constant of Four Commercial Norfloxacin
Tablets
Source of variation d.f. B ssb MS© Fd
Among groups 1.94 0.65 1.32
Within groups JNNNNMA//A# 21.57  0.49

Total ., - .52

e table

AUt INENINeINg

AN TUNNINGAY
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Table 23 Comparison of Absorption Rate Constants of
3 Different Brands (B, C, D ) with the
Innovator's Product (Brand A ). Using

Student’s t-test

t value (calculated) Statistical
Brand Significance
B NS
c NS
D NS
NS .05

AU INENTNEINT
ARIAINITUNNINYIAY



79

and difference in assay methodology as well as data

analysis.

Table 28 presents the correlative studies between
the in vitro and the in vivo data for brands A, B, C and
D. As can be seen, disintegration times were
statistically \\ W/ rrelation with the
dissolution ratemeeRst an te value whereas the

max
\b\ istically significant

‘\\\\\\pc values. However
\ws aningless. This was

n this study due to

dissolution rate
correlation wi
these correlati®
because when Dbra

the disintegrat tion rate constant

Wwere Very poor. 1stica11y significant

correlation betwee'*f —r -ro parameters with any of
- ;5-’#-’“‘:”' ‘
the in Iy o meters £29), unless the

disintegratiion times versu: appeared to be

correlative m.os <p Thimindicated that the

po 1) 111 T e
ARy
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Table 24 Plasma Half-1ife (ti/z) of Norfloxacih from
12  Subjects  Following 400 mg Oral
Administration of Four Different Brands of

Norfloxacin Tablets

Subject ' tyi/2 (hr)
No.
C D
1 77.17 4.87
2 2.97 4.00
'3 23.55% 5.07
4 4.12 3.47
5 19.68% 4.37
6 9.26 5.22
7 8,42 5.55
8 5.47 4.32
g 6.42 7,78
10 3.23 4.45
11 9.48 3.386
4.84

ﬂﬂﬂ?ﬂ%ﬁwms’

W'mn‘wumwmﬁy

0.32

% Excluded data
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Table 25 Analysis of Variance for Plasma Half - life

of FoUrACommercial Norfloxacin Tablets

Source of variation T ssb MS© rd

Among groups 3 11.63 3.88 0.63

270,16 6.14

Within groups

Total — /' =——————281.8022

AUEINENTNYINg
RN IUNNINYINE
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Table 26 Comparison of Plasma Half-1ife of
3 Different Brands (B, €, D) <=mith the
Innovator’s Product (Brand A). Using

Student 's t-test

t value calculated) Statistical

Brand 7 'ﬁiy‘ 1son with Significance
~ “LHHf -
Bre

B NS
c NS
D NS

NS

ﬂUEJ’J‘VIEJ‘VIﬁWEJ’]ﬂ‘i
QW’]MT’I‘?@UN‘M’MH'}@H



Table 27 Estimated Pharmacokineti _(MEAN * SEM) of Norfloxacin from 12 Subjects
Following Oral mg of 4 Different Brands of Norfloxacin
Tablets o
Brand cmax (ug/ml) g /ml) X (hr~ 1) half-1life (hr)
A 1.87 + 0.28 1.49 + 0.13 5.36 + 0.74
B 1,96 4% .0.22 1.96 + 0.28 4.52 + 90.71
c 0.60 £ 90.16 1.63 .+ 0.20 3.98 + 0.94
D 2.05 4 0.21 1.46 + 0.12 4.76 + 9.32
F-test 8.65 132 0.63
Statistical
S NS NS
Significance
F ‘ljm 39 4H‘“"l/]%"?“lzﬂga]ﬂ‘3
Y S 7 s1gn1f£ant at p
’quf]a §§“‘1LM 31grn10a’l P > 0.05

€8
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Table 28 In Vitro-IN Vivo Correlations (I)

Correlation Degree ofb Correlation t-value Statistical
- freedom Coefficient (calculated) Significance

Disintegration Times
versus 4
Dissolution Rate Constants

13.06 S

|
o
Ve
(e

|

Disintegration Times
versus 2

o

w

Q0
|

7.89 S

Chax

Disintegration Times

versus

Thax
Disintegration ] -

versus . B 3 NS | = %.13 ‘ NS

[AUC]T, '

Dissolution Rat

versus

Chax

Dissolution Rate
versus

Tmax

versus
[AUCI

e

m
ﬂum%g}m%wma;
qmaﬂmm UR2ANYINY

degree of freedom = number of pairs -2

2.7764

§ : significant at p < 0.05

NS : not significant at p > 0.05



Table 28 In Vitro-IN Vivo Correlations (II)

Correlation Degree ofb Correlation t-value Statistical
freedom Coefficient (calculated) Slgnlflcance

Disintegration Times
versus 3 - 0.42 - 0.80 NS

Dissolution Rate Constants

Disintegration Times

versns 1 0.99 12.22 S

Cmax,
Disintegration Ti
versus
Thax
Disintegration
versus

[AUC]:

versus

Cnax

Dissolution Rate
versus

Tnax

Dissolution Rate Co éﬁ%ﬂ;ﬁ;{

Versus
[AUC]0

LY

3
AUt waﬁwam

qma\m‘iﬁuummmaﬂ

degree of freedom = number of pairs -2
S : significant at 0.05 < p < 0.1

NS : not significant at p > 0.05
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