CHAPTER 1V

RESULTS AND DISCUSSION

In Vitro Studies
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Table 2 Characteristice of Five Commercial Brands of
Ranitidine Tablets from In Vitro Studies
Brand Weight " |%Labelled " Disintegra |Dissolution Rate
- Constant®™ (hr™ ")
{mg)
Simulated |Simulated
Gastric Intestinal
Fluid Fluid
*

A |306.69+3.07 8.3442.73|9.58+2,51

B 308.73+6.75] 12.99+1.7819.42+1,.64

c |8303.93+7.52 1.3140.33|7.1340.73

D "’f—-—_ o 4.31+41.31|5.84+1.70

E 284.48+49. 15 101 .96+0.52 7 17+0.98| 1.46+0.56[8.18+3.16

AUE ANYNE Wmﬂ“i |

I 100, 55+0 28 : e e

QLAY NIl INgNaY

o = pean % standard deviation (n = 20)
b = mean + standard deviation (n = 3)
c = mean + standard deviation (n = 6)




in Tables 3 and 4
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Figures'z and 3 illustrate the dissolution profiles
of all 5 brands df ranitidine tablets in simulated gastric
fluid (pH 1.2) and simulated jntastinal PYudd ApH.-T7.HB)s
respectively. Ohly in simulated gastric fluid (pH 1.2), many

for both rate and extent of

differences were
dissolution of differe The dissolution rate
constant and the a | dissolved of brands A

and B in both diss . . We 2 1most the same.

Results ‘ -j\ri\k- profiles in simulated

gastric fluid an . fluid are summarized

'Q minutes. almost all &
brands except bran \ simulated intestinal
e

5.

fluid more than 8
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Table 3 Dissolution Profiles of Five Commercial Brands
of Ranitidine Tablets in Simulated Gastric Fluid
pH 1.2
Time rcent Drug Dissolved
(min)
Brand A ' a E C Brand D Brand E
Py 5 3.4840. // 61,3.62+0 ‘ '6.0140.76| 8.97+0.28
10 31.44+2, 5§ 15.04+2.14116.24+0,51
15 60.05+3.85 ' 26.46+4.52|23.1940.96
20 | 74.84+3.52 91."H; > +1. 38.98+7.49|27.59+1.38
30 lOO.QZtlﬁﬁf'“‘ nT-G.SQiiO.SB 38.37+1.91
] 45 |100.56+1.73¢ Q& 71+1,30(48.85+2.04 84.75+7.52 |48.97+2.08
60 101, Q,LI 48 B6+1.41{55.1 +2 60|87. 3 1.86 [|58.12+1.43
‘QW’]Q\"Ih‘im NM’TJ‘WEII’IE'I d
90 0 49+1.35191.82+1.87|74.1746.73|87.36+2. 42 78.1018.66
120 100.844+2.50(91.3842.19 80;2716.13 8B5.95+1.96 |B89.65+7.10

a = mean + standard deviation (n = 6)
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Table 4 Dissolution Profiles of Five Commercial Brands
of Ranitidine Tablets in Simulated Intestinal
Fluid pH 7.5
Average \U t Drug Dissolved "
Time N
(min)|{ Brand A Brand=B m Brand D Brand E
AN -
5 4,48+1.08 1469 '2,58+0.,8 4.89+0.80}16.32+4.88

39.85+6.26
63.1117{39
e4.5515.59
98.57+2.27
97.26+2.64
97.82+2.72

96.94+3,06

95.65+2. 12

mean

a

.

standard deviation (n

6)
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Table 5 Average Percent of Drugs ﬁissolved in Simulated

Gastric Fluid and Simulated Intestinal Fluid at

30 minutes

Brand

L% ":\‘\ ,/ | -
A -kl;,.lg : Drug Dissolved !
— 125—?’

/

Simulated | uid e ulated Intestinal Fluid

1 100.92
94.95 + y o¥rdor ¥ 96.70 + 2.41
36.57 + "-' = 92.74 + 2.99

v%ﬁés + 6.04

i
|
38,37 + 191 98.57 + 2.27

ﬂ'lJEl’J‘VIEWIﬁ gIN73

66. BOAE

QW'WENﬂ‘iﬁLJ um'mmaa

= mean + standard deviation (n =




82

The dissolution rate constants assessed by a one way
analysis of variance and t-test with 95% confidence 1limits
indicated in Tables 6-9 +that +there were statistically
significant differences eamong brands A, B, C, D and E in

simulated gastric fluid (‘ < 0.05). However, in simulated

intestinal fluid ' _ tatistically significant
among bpands A, .~ mean dissolution rate

constants of these ficantly greater +than

brand D (p < 0.05

These va > J*;%' C o the solubility of
film coating mate “ . | AHowever. most of the
film-coated tablet. lved in basic medium.
The difference in f es of raw materials,

and/or manufacturing might be +the important

reasons for these d

ﬂumwﬂmwmm
QW']&\‘iﬂ‘ifUﬂJWTmEﬂﬂil
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Table 6 Analysis of Varignce for Dissolution Rate
Constants (k) of Five Commercial Ranitidine

Tablets in Simulated Gastric Fluid pH 1.2

Source of variation

Among groups 149.18 48,69

Within groups

Total 333

= degrie of freedo

ﬂ%mwmwmm

mean aquax\e

Wﬁ'ﬁﬂ?ﬂi‘mﬂﬂﬂmﬁﬂ

obtained from the tab
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Table 7 Comﬁarison of Dissolution Rate Constants of
fLocally Manufactured Products with Innovator'é
(Brand A) in Simulated Gastric Fluid Using t-test.
Statistical
Comparison with.
significance
*
Brand B S
Brand C S
Brand D ]
Brand E S
»

ﬂ‘LIEI’JYIEI‘VliWEL’m‘J

(O OB, 28

Qﬁﬂaﬂﬂ‘iﬁu YAIINYIAY

= A t-value from the table




35

Table 8 AnalyéiS' of Variance for Dissolution ﬁate
Constants (k) of Five Commercial Ranitidine

Tablet in Simulated Intestinal Fluid pH 7.5

Source of variation | ‘ Ay M.S.”" Fe
—
Among groups AN : 14,92 2.78
: B |
Within groups . , : 5.37
‘ ﬁk'f a
y T 2 s
Total 2 S 4, *drk
s
21T

= degr%F of freedom

ﬂ%ﬂ”}%ﬁﬂﬁw UINT

YUmean square

’Q‘W?Nﬂﬁmﬁﬂiﬂﬂﬂmﬁﬂ

obtained from the ta
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Table 9 Comparison of Dissolution Rate Constants of
Locally Manufactured Products with Innovator;
(Brand A) in Simulated Intestinal Fluid Using
t-test : :
Statistical
Comparison with
significance
&
‘Brand B NS
Brand C NS
Brand D S
Brand E NS
< =y . s ;
; 19 1€ AN 0 19/ M OIS
BZIRCRAISHAN 4
4 £ :
v ¢ a Y,
AWIANN U RFINYARNY
q, ! ,
S = significant (p < 0.05)
NS = not significant (p > 0.05)
a =

A t-value from the table
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In Vivo Studies
1s Plasma Ranitidine Cpncentration Analysis

Chromatograms of ranitidine and internal standard

are illustrated in Figur ion times for ranitidine

and internal stand
respectively.

internal standard

There were could be related to

ranitidine administr

Parenteral Study

The ﬂdtuﬁfj ﬂﬂﬂﬂiﬂn’menwauons from

12 subjects aq!appropriate sam me from 5 min to 7 hours

Mk WL )i D (M

hour and then more slowly as shown in Figure 5, The result
indicated that +the plasma concentration-time profile was
characterized by multicompartment kinetic. Either a bi-or
triexponential function: has been used to solve for the

mathematical model of the drug (17, 20, 22, 37). Base on the
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Figure 4 High Pressure Liquid Chromatogram "of Ranitidine :
' (A) and Internal Standard (B)

a. Aobteined fﬁom HPLC eanalysis of human plasme
containing 0.5 mcg/ml of ranftidine HC1 and

80 mcg/ml of procainamide HC1.




Table 186 Plasms Ranitidine Concentrstions

(mcg/ml) from

12

39

Subjects

Following Intravenous Administration of 58 mg Ranitidine Injection

Subject

No.

5 10 20 120 180 300 420

1 2.022711.4329{1.363 0.2454|0.2028|0.1097 |0.0593
2 1.0669|0.83877(0.78 0.2078|0.1691|0.0785|0.0344
Q . 1.8115/1.1731}0.899 0.2078|0.0854|0.0739|0.0409
4 2.447711.26190.9081 .3081|0.2758|0. 1866 G;G887 0.0422
5 1.9318(1.3162|0.7426 ﬁ}1389 0;1266 2.0728|0.0261| *

6 2.9262]1.9409|1.7474 0.3789]0.263410.1115]0.0472
7 2.444611.5439 1.L ,.-:' 0.2369|0.13980.0361 |0.0280
8 2.G889‘1.1397 2.8 1310.625511 ?.1443|0.1076|0.0582 |0.6252
9 1.7635(1.0594 B.QQ@} | 0.20450.149410.0797 Q.E425
10 1.8954 1.1m1srm.7954¢q=§61z ?JE,ZSZZ ?.1990|0.1803 |3, 1349 |0.0652 |0.0358
21 2.1500 1.41? ng ‘ 8 hjbw 8 af}ﬁ'@.zzsm B.1453 6.1155 9.0381
12 2.0060 1.1835“@.9455 y @.4H%& G.Zelé E.%§37 8.1500|0.0876|0.0381

AWIANNIPARIINENAEY
q

MEAN 2.0546(1.2838|0.9928|0.7625|0.5649|0.3736|0.27490.2226 (0. 1506 |0.0775 |0.0360
S.D. 0.4283|0.2687|0.2748{0.1783({0.1105|0.1263 |0.0875|0.0620|0.0497 |0.0270 ﬂ.ﬁ137

¥ conc. < ©.8020 mcg/ml
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semilogarithmic plot of individual plasma concentration-time

data for 12 subjects, +they were best described as

biexponential kinetic.

Oral Study @

dine concentration—-time
profile from 0.5 to ited in Tables 11-15.
Double peaks followi i 5myf’~ ation of ranitidine in

fasting subjects 20, 37) were also

was apparent at r dosing (Taeble 16).

These biphasic cha ated to food intake (36,

37). Bogues et al. in subject who received
food after an oral ne (150 mg), there was no

,rime curve.

Y

second peak in ‘&t¥

, The appearance of a second Eleak following oral

ranitidine chanism similar
to cimetidi%ﬂ was proposed bﬂiﬁ? and Miller (38)

? hepatic
parencﬂv\maﬁ mmmm Hﬂjﬁﬁcc\mul ation

much higher in the first paess transfer +than from the

systemic circulation, (3) the absorbed elements of food
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Table 11 Plasma Ranitidine Concentrations (mcg/ml) from 12 Subjects

Following Oral Administration of Two 150 mg Ranitidine Tablets of

Brand A

Subject
No.
30 60 '240 360 489 600
1 0.2793|0.2316|¢ »;\K 0.7681|0.1503|0.1002{0. 1073
e l 0.05010.4770 :;.\i\‘ #.,414510,2457|0.1062|0.0500
3 ?.1816|0.3997 |G :éx , @.6965 ©.3668|0.2584|0.1732

1.1352|0.66600.3915]0.2187

4 0.3964|0.3448

5 0.218810.1573 0.5203|0.2073|0.1270|0.0506
6 ©.714810.9016 0.8298|0.5584|0.35870.2073
7 9.7489 @.615: l8i4641)0.4032|0.2411|0.1181
8 0.1401{0.3014 ; > 8! 56010.5157|0.1414|0.0880|0.0347
9 2.878011. G3663834E 2. 852 0. 9765 1. 547 1.1088|0.5945|0.3125(0.1994

W o7 i 1 e
e Lt a1 o e

MEAN ?#.3665|0,4578|0.5134|0.6709|0,9879|1.1136|0.7272 0.3887 0.233210.1378

s.D. 0.2668|0.2704|0.2523|0.2707 |0.4734|0.3789|0.2247 |0.1744|0.1020|0.0618
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Table 12 Plasma Ranitidine Concentrations (mcg/ml) from 12 Subjects

Following Oral Administration of Two 150 mg Ranitidine Tablets

of* Brand B
Subject

No.
30 60 360 480 600
|
1 0.2408|0. 1091 0.324410.1764|0.1014 ‘
2 $.1716{06.3573 $.1351|0.1090|0.8506
3 ?.1312(0@.4854 -ﬂ.4871 @.22%2 ©.1589
4 0.229210.4854|0.8176 | 0.437110.2980|0.1518
5 ©.2738|0.29650.3023 0.5287{9.3719{0.1758 0, 1309
6 0.5028|0.4044 0.3716)03: 0.3873|0.2811|0.0640
7 0.5374|0.5547 | igada: 0.4158|0.2075|0.1274
8 0.4462|0.4751 |@. 4057 | 779895 |0.5200|0.2371 |0.0935
2 ?.2493|0.4680 G.AB%? 9.4377|0.8531|0.8798 é.S?GG 9.2579(0.1162 0.0541
10 P.1646{0.1 Q. A J (0.4075({0.2856|0.1562
11 0.4371|0.385010.3914 1‘.51'47 1.323 1.0350 ﬁ.GBZQJG.SBBB 0.292210.1802
12 0.30 D | ,:,' % . l&ﬁ 9.3117|03.1945
AW TRITITH AW TN
9
0.4041|0.6416|0.8081|0.8525|0.7043]0.3672(0.2265|0.1220
?.1705|0.4742|0.3595|0.2726 |0.2287 |0.0959 |0.0675|0.0470
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Table 13 Plasma Ranitidine Concentrations (mcg/ml) from 12 Subjects
Following Oral Administration of Two 150 mg Ranitidine Tablets of

Brand C

Subject

No.

30 60 360 480 600

©.3835|@.3726

[y

‘ 0.7112{0.4164|0.2332|0. 1398
2.1837|0.1401|0.2 2|0, 5584 10.4680(@. 3986 0. 1942 |0. 1532 | 0. 0791

0.1973|0.2044 : ] 3. 8606|0.5440|0.2240 0. 1509 | 0.0823
@.5227|0.8274 0.2157|0. 1367 |0.0622
0.3117|0.3158 @.4371{0.2003|@.1182
?.5943|0.4005 0.2579|0.1744|0.0871
©.3315|0.3573|d; {08401 0+803510: 5600 | 0.2670|0.0906 | 0.0573

72| 06980 0.393710.2197|0.1426

?.2103|0.2042 @.ﬁ
0.4682|0.6458|0.621110.4750 |0.8893|1.6659|1.0168|0.4221 |0.2680|0.0725

10 0.0487 o.1ﬂﬁw2|n*§.% il ﬂg%ﬁ Qﬂf?.aam .1779|0.0915

11 0.1926|0.4948|0.3573 0.4218|1.0240|1.1573|0.8373 0.5002|0.29060.1366

12 z.zssrg{wcj laﬁﬂa ~

(o TR < - SRR R - TR o, T SR - S

¥ 13?1?1. dﬁlﬂﬁfﬁ]@ﬁﬁﬂf.ﬂ% 0.1312

MEAN 0.3066|0.3672]0.3905 |0.5072|0.8551|0.8139{0.6380|0.3440 |0, 1951 |0. 1000
'S.D. ?.153610.196810.16530.1863|0.3271|0.317410.1815)|0.1038{0.0561 |0.0303
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Table 14 Plasma Subjects
Foilowing Oral Administration of Two 150 mg Ranitidine Tablets of
Brand D
Subject
No.
30 60 360 480 600
1 8.2251|0.4706 0.326910.2115|0.1086
2 0.1607(0.2902 0.462910.251210.1587
3 0.2637|0.2264 0.174210.1355 Q.GBQSI
4 7.2823|0.4125 ©.2684|0.1338|0.0573
5 0.17500.3190 ©.3871]0.2197(0.1190
6 1.3265|0.9895 2.7552|0.3485|0.1718
s 0.2425|0.3284 ?.1347|0.0791{0.0569
8 0.2088|0.3430 0.2536|0.1947{0.0573
9 ?.0346(0.2770 ©0,4930|0.5408{0.7670 3 ©.3197|0.1778|0.1182
10 0.0539|0. 1 318 |12 5o w {0.607610.2805 (0. 1976 | 0. 0970
¥ ?.3212|0.6392|0.7702 6.7'%80 6.79 (D.Sigj'é; ﬂ;j 0.2555|0.1688|0.0928
12 B.1 , 7 ¥ | ? ﬁ 0.1709(0.8752
ARTRIT TR ARN TN
A
MEAN 0.2854|0.3964|0.4709|0.5559(0.8272|1.0109|0.6567 |@.3287 |0.1908|0.0995
S.D. 0.3247 G.2128 ?.2140|0.2579|0.3877|0.4910|0.3532|0.1533|0.0643 |0.0364
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Table 15 Plasma Ranitidine Concentrations (mcg/ml) from 12  Subjects
Following Oral Administration of Two 150 mg Ranitidine Tablets of
Brand E
Subject
No.
30 60 360 480 600
1 0.2965|0.4724|0.45%8 9.7353|0.3911|0.2683
2 0.4715|03.357910.367 2 ?ag.7353 0.5704{0.37580.1653
3 0.3863|0.4724|0.4305 7 ¢.7522 0.3906|0.2236|@.1552
4 @.6777|1.0074|1.613C 0.9280|0.6035({0.3619{0.1780
5 0.6671|0.4128|0.8193 |( ?.8976|0.516410.3084 10,1951
6 0.7288|0.9923 ljgfsﬂ,n.nfﬁln 0.4800|0.241110.2278
T 0.4780|0.7753 k, %;-- - ‘ { 521|0.4117|0.1664(0.1232
8 0.5100|0.5045 a.@a‘ ; 1_@323 0.4274|0.2366|0.1891
a 0.2726|0.6067 1.03%} 0.8830}1.3522|1.4734 1;0ﬂ78 0.4745|0.285710.1792
10 0.2301 m.zﬂ%&}s‘ %{E‘Wﬁ ’al,mv.%zz 0.3522|0. 1834
11 0.5685 ?.5248|0.7217 J 6.7764 #.5757|0.3863|0.2310|0.1704
121 m.ma%awwjlawf ﬁwqu‘mﬁm aayxﬂ 0.3361|0.2223
MEAN ©0.4561|0.5581|@.8884(0.9986|1.1045|1.1945|0.9882{0.52170.2925/0.1881
S.D. 0.1761|0.2370|0.5570|0.45840.4123|0.323010.3393|0.1126 9.0692|0.0360
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of Two 150 mg Ranitidine Tablets

Key : Brand ASCH s, Brand B A 4+ ), Brand C.C @ J,

arand DL A ), Brand E ¢ X3,
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Table 16 Peak Plasma Coﬁoentration and Time +to Peak
Concentration Data Following Oral Administration
of Two 150 m¥g Ranitidine Tablets of Five

Commercial Brands

l:_.“I {ncg/n))

Subject i (hrs) b, (hrs) o \ ”/ {mcg/nl)
- ‘

4A'—

,7

e SN B S A @ S

047 | 1.18 1,95 1,28 158 1.74

3 /[
o [0.50 0,50 0.50 - 3,00 | 3,00 2,508,004 50°4500) |

2 [noo - 050 - 0.50| 3.00 3.0 00 o0 aft SL000, = 047 | 0.68 0.62 0.68 168 1.38

3 - 1,50 - 0,50 1,00 | 3.00 4,00 4 ey " ' 0.47 | £.02 1,07 0.86 1.74 1.56
ol VS R 1o oY - | 201 106 0.83 0.8 161
5 1050 - - - 0.5 2,50 3.00 2.5088. 00720 0.67 | 0.89 0.5 0.98 0.93 0.98
6 - 0,50 0,50 0,50 - o 166 0.95 0.8 1.95 1,37
44 A 1,60 1,71 1.23 0,53 2.20

1,07 1,33 0.92 0,76 3.49

8 1,00 1,00 0,50 - - | 3.00 3.

9 $,00 1,00 .00 - 3.50| 3.00 3,00 3 00 3.00 3.00] .04 0.‘7 9.65 = 1.0 1,55 0.88 1.67 0.77 .47

TR Huﬁﬂ% wlﬁwalﬂ}ﬂ‘il 0.0 0.5 0.65 1.23 1.3

i) - 050 5,00 - - | B002.00 .00 2,00 2.00f -~ 0.4 0.49 . oev 1,55 1,16 0,78 1.2
2 Aoy ’Q wqﬁﬂaﬂ@ 00 u”wﬂ']’] ﬂﬂ’] azﬂl S 148 0.9 1.0
4 5 :

likli {0.71 0.86 0,67 0.75 0,80 | 2.83 2,02 2,63 .71 2,42| 0.4 0.43 0,42 0,53 0.62 | 1.23 1.04 1,05 LM 1,50

5,0, [0.25 0,35 0,24 0,25 0,37 | 0.25 0.63 0.6 0,40 0.79| 0.28 0.09 0.18 0,47 0.22 | 0.40 0.35 0.30 0.44 0.3§
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-
compete with cimetidine, end (4) when fasted subjects were
given food, it may have caused the release of the drug from
a storage depot.

However, Robert (16), 6 indicated that according to the
limited data availe N J"# fect of food on the
pharmacokinetics of .p nitidi ésignif‘icant.

‘-‘--Hl
4, Bioav
<
: The bioay t .ﬂ'.xw ig from its dosage form
depends on both ra ‘ : ,}} fj;,{a ug absorption into the
general circulation i +ﬂ;uw‘_$;i ;c'ors can be evaluated
by determining th ‘ rzrameters derived from
plasma ooncentration?tllf. T == v; The bioequivalence can be
eassessed by comparing ﬂ i -E:="‘ 8 concentration of the
drug, Cpm_x thf:f \dhns, TR and the
total ares underﬁm tﬁ n-time curves, AUC,
Y after oral adminiitrations of the test f‘ormulation -and the

*"ﬂ’%ﬂ’) fl EJWTW 8N
q NI IFURTININA Y

As seen in Table 16, the time to peak plasma
level determined from the plot were ranged from 0.5-4 hours.
The average peak times were 0.71 + 0.25 (b max;), 2.88 + 0,25
(v max_)3 0.86 + 0.35 (¢t max ), 2.82 + 0.63 (t max_)j
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“

; .
Teble 17 ~ Analysis of Variance for Time to Peak Plasma

Concentbation (Second) .of Five Commercial

Ranitidine Tablets.

Source of variation M.S.° Fe
Among E€roups .45 1.40
Within groups « 32

Total ERKK

= degree of freedom

3 ﬂummmwmm

mean square

QWW mmm WY
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Table 18 Compérison of Time to Peak Plasma Concentration
(Second) of 4 Different Brands (B, C, D and E)

with the Innovator's (Brand A) Using t-test

Statistical

Comparison with

significance

Brand B NS
Brand C NS
Brand D NS
Brand E NS

ﬂHEl’J‘VlEWﬁWEI’]ﬂ‘i

= 2.00

amaqmmumwmaﬂ

= not significant (p > 0.05)

é = A t-value from the table
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.0.67 + 0.24 (¢t max ), 2.683 % 0.61 (+ max_)j 9.75 + 0.25
(t max ), 2.71 + 0.40 (t max,) and 0.90 + 0.37 (¢t max, ),
2.42 + 0.79 (¢ maxa) for brapds A, B, C, D_ and E,
respectively. There were no statistically significant

differences among these values (Tables 17, 18).

Teble RN NEe. 1ovels and the times

to peak for each ! dete :‘.~d from the plot. The
average of _peak ; stheotsvefter oral
administration 4150 \ g | memitidine tablets were
0.49 + 0.28 (C ‘ ax_); 0.43 +  0.09
(C mex, ), 1.04 .35/ (0 max )4 ©.42 + 0.18 (C max )3
1.05 + 0.30 (C max, - a7 (C max,>, 1.14 + 0.40
(C mex,) and 0.62 & 0. 1'5\;“ >, 1.5 + 0.81 (C max,)
mcg/ml for brémds A, B, €, B and  E'spespectively. These

values were als mificant differences

as shown in Tableé 19, 20 (p > o 05).

Aved mﬂnmmnim
RIMNIUNRINEIN, oo

under bhe first moment curve, AUMC, from zero +to infinity

after intravenous and oral administration are illustrated in

Table 21.
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Table 19 Analysia‘ of Variance for  Peak Plasma
Concentration (Second) of Five Commercial

Ranitidine Tablets,

Source of variation . \ e M.S.< F®
. Among groups ' J 1D ~ 43 2.93
| - - A
Within groups e 15,
ﬁ il =
: ﬂld‘.ﬂ
Total - fFf soiiAs 73K g
l“‘-':’J |
A Y

a = degr e of freedom

ﬁﬂt‘l?‘ﬂ“&lﬂﬁwmﬂ‘i i

ean square

‘JW’IMHTMM eV (MR}

o
1
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Table 20 Comparison of Peak Plasma Concentration (Second)
of 4 Different Brands (B, C, D and E) with +the

Innovator's (Brand A) Using t-test

.Comparison with

' [ Statistical
_ - ——

significance

~:\.
i;rand B NS
Brand C NS
Brand D. NS
Brand E NS

ﬂumwﬂmwsmni

to.9@E, s> 2.00

awwmnimummmaﬂ

= not significant (p > 0.05)

a = A t-value from the table
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Table 21 = Individual Pharmacokinetic Parameters of
Ranitidine from 12 Subjects Following 50 mg

Intravenous and 300 mg Oral Administration

[}

oo L
Subject [Auc](mog - hr/m1) [AOMC] (mog ~ br” /m1)

No. A B

1 |4.0087)3.9995 45817 15{17, 396419, 5908 | 25. 9262 | 22. 4223 | 42. 9016 | 5. 5304

2 3.0152)2.6108 14,9281129,5741{32,3534{3.6431

25,9457)15,716414,3505{27, 1630]3.6266

|

3 5.132814.8833
4 8,3237/6.2062}3,68% 0,6858114,4604115,7758}38,0493]4,2126

5 3.3860(3.882314,6283 2622, 6208 23.1851122.5288|37,3352/1.,4363

6 7.771214.598814.0108

si%5e2

8 2.8238]5.5643 )4

20,1011}17.5975141,0376]36.9726(5,2989

7 5.573716.0175 15.1924] 9.8093127.8787{2,7517

24,3222115,8055132.8709(2,6306

24.5454120,8723133.049313.9716

AT
9 7.800013.3793 221.6942

10 5.1248(4.2 uﬁﬁ-\ 5 sggﬂ.ﬁbw. 7’*% ﬁ:g& 17.8957|18.6945(33.4200{3.3729
11 4,6080(5. 3 3. 71& 8 1, 2128. 9 §125,0670|18.0938{28.6112{4.1769

12 s,ﬁs ;.«17 Q“%zﬂ‘%‘pfﬁ Wga%ﬂzﬁfﬁmmm 40.8990(3.8963
W IRANTI g AT afl

b |
MEAN |5.2945|4,6799{4,3282|4,4645{6,8835|1,7648|25,9063|23.3069{20,4640}20.5805/34.,2921}3.7123

s.D. |1.8082}1.0496|0,9284|1,8047|0.9406|0,4083| 9.8813| 6.4007| 4.6638| 7.7662) 4.8361}1,0720




&
Table 21 (continued)
Subject MRT (hrs) ' ’ _ MAT (brs)
3 N [, -
—
No. A | B : c D E
-
1 |4.3397(4,8983 2.4095|1,9838(3. 1580
2 |4.2138]4.2223]5.107 2.8347(2.5185(3.1272
8 |5.5812{5.3132{4.779 2,5303|2,20202.4827
4 |4.9623|4,9443|3,9200 1.7753]1.8338|2,4850
5 {4.0765|5.8267{5.0115 30{4.5732/3.7580{3.9198(4.3015
6 |4.8865]4,3708|4,3875 2.4723|2.4890(2,3805(2,8213
7 |4.3223]4,2648|5.9382 2.1932|3.0092|1,9937
8 13.8838(4,4927|5.8223|4,4285|4. 8. 3.7815{2.5872|3.0047
9 {4,7022{4,0523 4.1@0 5.2353 1.7142]2.8235/2,3183
- g
10 |6.0437{7, 4 aay ‘ ﬂ?,.j. ﬁzﬁ, 1073|2.,7055|3. 6967
11 |5.6293|3,9656(4,9337|4.5502 .32581,6623[2.6302{2.2467|2,8442
¢
RS SI e
AN I¢le | 3
% ;
MEAN |4.8114]4,9856|4.7430(4.6396|5.0160{2,0808|2,7305|2.9048 |2, 6622|2.5587{2,9360
§.D. |0.6532/0,9894]0.5425|0,3550{0.58980.3418{0.5644|1,0556|0.6260{0.5217{0.5943

62 |




Table 21 (continued)
Subject. EE R | || Ke (hr ")
No. A | B c D £
@
1 |0.3720/0.3252 0.4149{0,5051]0.3165
“ 2 |0.3654{0,3516|0. 2586 of . 210010, 35 15! 0.3533]0.3968|0.3195
3 |0.2490]0.3192]0. 3282 | 0.3953]0.4545/0. 4032
4 |0.3066/0.2670|0.2868 0.5618]0,5464]0.4016
5 |0.3762]0.2304)0.2748/0.27 {061 ¢ b, 354640.2188]0.2660]0,2551]0.2326
6 10.2610]0.4116(0.3096 0,273 36{0,3344 0. 4049]0, 4016 0. 4202 0. 3546
7 ]0.29580,3222 Fy r.assa 0.3322/0, 5025
g |o.4728]0.3774 0. 2706} 379410, 26460, 3861]0. 3333
9 |0.2970{0.3696 |0.31980. 4367 o.s@s 0.5848|0.3546/0.4310
< ’
10 |0.2508 Y] ‘ Wz zntﬂtixs 0.3690{0.2702
|
11 |0.2430 .3258|0. 300370. 6024[0. 3802 0. 4444 0. 3521

12 0.2

10 L0 R A

MEAN |0.3130{0,3027{0,3134{0,3190{0.2814{0.3695{0,3835|0.3881)0.3974|0,4055{0, 3542

§.D. {0.0672{0.0698|0.0499{0,0359{0.04430,0610}0,0850{0.1286/0.0956{0.0743}0,0635




Table 21 (oontinued)

Subject T :z‘hPS)
No. 21 % E I
1| 20.67{ 29.61 5.98] 190.63] 1,70
o | 31.35) 27.14 204.73| 198.72] 1.57
3 | 53.05| 50.47 62.81| 111.85] 1.56
s | 70.63| 52.66 47.64| 98.74] 1.40
5 | 49.25] 56.47 128.61| 198.49] 0.87
6 | 46.40 27.46 123.41| 100.80] 1.32
7 | 55.53] 50.95 .06 | 21000437, 81] 137.46] 1.14
s | 32.94] 64.91 6.39] 240.21| 1.28
9 | 78,95 34.20 11| 80.57| 1.67

4 (Y
10 | 58.91 48ﬁ lﬂE% 1 eﬁjdﬂﬁzﬂﬂﬁﬁ. 108.28| 1:61
11| 42.37] 19,89 16.70| 36.55| s1.00[117.12 | 110.23| 86.28] 120.59| 1.60
; : la | |
e e o e e
oM | : ) ,
q -

wEAN | 50.36] 45.93] 42.65] 42.27] 67.24] 97.36 | 91.09| 94.33| 144,00 1.44

5.0, | 14.53 12.48] 12.27| 12.44] 13.24| 36,55 | 34.04| 46.45| 47.70| 0,24

64
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The mean EAUCioafter intravenous administration
was 1.76 + 0.41 mcg - hr/ml while those after oral adminis-
tration of 5 brands (A, B, C, D and E) were 5.29 + 1.81,
4,68 + 1.05, 4.83 + 0.98, 4.46 + 1.80 and 6.88 + 0.94 mcg -

hr/ml, respectively.

+ical analysis revealed no
significant differen ds A, B, C énd D. except

those with brand E les 22 and 23 (p < 0.05).,

ﬂgg;d Half-Life
& MRT) nrepresents the
time for 63.2% of & ' ~;Triﬁk C lose to be eliminated.

This value obtaine pO) T s gdministration is similar:

S0 shown in Table 21.

The mean MRT af¥ tion was 2.08 + 0.34

hrs and those aﬁE}
and E were 4,81 +‘0 65, 4.99 + .99, 4.74 + 0.54, 4.64 + 0.36

and 5.02 ﬂuﬁlj’}%ﬂ%ﬁwmﬂ‘gmge elimination

half-1life Jutained frq? v bolus administration

. REINATRUNIINYIGY =

previou ly reports (17, 21, 22, 37, 39, 40, 41).

iﬁ of brends A, B, C, D
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‘(1
Table 22 Analysis of Variance for L[AUCI] ‘of Five
Commercial Ranitidine Tablets,
Source of variation d.f." g.s" M8, F
Among Eroups’ 13.17' 6.44
. )
Within groups 2,05
!
Total * ¥ Kk
a -
b = sun of square
4
G

HJS‘&!’TY&HG’B’WEHM |
amﬂ‘n’f bl (HREL))
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Table 23 Comparison of [AUCI] of 4 Different Brands (B,
Cy, D and E) with the Innovator's (Brand A) Using

t-test

Statistical

Comparison with

significance

Brand B NS
Brand C .NS
Brand D NS

S

Brand E

ﬂuﬂqwﬂwﬁwa Jik)

o O‘B E6)

’QWI g,nmumgwmaﬂ

HS = not significant (p > 0.05) -
A t-value from the table

a
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4.5 Elimination Rate Constant and Absorption

Rate Constant.

The Elimination Rate Constant (Kel) and

Absorption Rate Constant (K, re summarized in Table 21.

The > "\&dnta was 0.37 + 0.06
‘ et

hr~ while th

brands after oral
0.07, 0.31 + 0.05,

0.32 + 0.04 and 4 far brands A, B, C, D snd E,

B, C, D and ‘E were

0.38 + 0.09, O 0i40a+ 0410, 0.41 + 0.07 snd
s .-" ] .

0,385 .+ 0.07, respectiye R stically significant was

observed among the aTu 3 24 _and 25).
‘-l

. 5_ - eBI cavailability
R4 MR PN IING o ereeeme

bioavailabil o AR - S - drug is defined as the fraction

per-centQ WGTMﬂ ﬁfﬂ!wfﬁn’}ﬁﬂq a Elleaches the

systemicicirculation. Absolute bioavailability is determined

from blood data after oral administrationy with reference
to similer data efter intravenous edministretion. The mean

absolute bioavaeilabilities of brands A, B, C, D and E were
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~Table 24 Analysis of Variance - for Absorption Rete

Constant (Ka) of Five Commerciaeal Ranitidine

Tablets.

Source of variation M.8." K
Among groups .01 .49
W{thin~groups e |
Total * %Kk
myg_"' e
a = degﬂee of freedom

: ﬂﬁ’ﬂ?ﬂﬁ‘ﬂiwmﬂ‘ﬁ

=q| mean square

’Q‘WW AR ) :a:m:zma :mm 3 a

T




,‘3
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Table 25 Comparison of Absorption Rate Constant (Ka) of 4

Different Brands (B, C, D

and E) with the

Innovator's (Brand A) Using t-test

Statistical
Comparison with

significance
Brand B NS
Brand C NS
Brand D uﬁifrﬂiri NS

AR

Brand E 5 o e Y NS

ﬂumwamwmm

co. D‘E BE)

%.W'l QINAMHRINY Y

A t-value from the table
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50.836 *+ 14.53, 45.93 + 12.48, 42.65 + 12.27, 42.27 + 12.44
and 67.24 + 13.24 %, respectively as summarized in Table 21,
which is in accordance with a value about 50% as reported

previously (1, 17, 22, 37, 39).

There were‘.uEﬁ istically significant

differences among b D except brand E
as shown in Tables 26

Table h fraotion‘ of the
oral dose relative‘ '\fd,‘brand A (Frel).
The mean relastive : rands B, C, D end E
were 97.36 + 36. .33 .+ 46,45 and

144,00 + 47.70 %, re

£)
')

AULININTNEINS
RINNIUARININY
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-
Table 26 Analysis of Variance for Absolute Bioavail-
'ability of Five Commercial Ranitidine Tablets.
Source of variation = M.S.° -
Among groups 1283.04 6.95
-

Within groups 184.73

Total HM K K

b = sum 9? square

: ﬂﬁﬁ‘wﬁ‘ﬂ‘ﬁwmﬂ‘i

4]l variation ratio

’Q*WW A TOiTn I8 e
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Table 27 Comparison of Absolute Bioavailability of 4
Different Brands (B, C, D and E) with the

Innovator's (Brand A) Using t-test

Statistical
Comparison with
significance
- ‘Brand B NS
Brand C NS
Brand D NS
Brand E S

quianEmingns
Ay

to. e‘. EB)
NS = not signif{cant (p > 0.05)-

1TUURIANUIRY

05)

a = A t-value from the table
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The principal pharmacokinetic ﬁarameters of
ranitidine following oral administration of five brands were
summarized in Table 28. Statistical analysis of these

ﬁarameters among five brands revealed no significant

differences (p > 0.05) exiszl only the AUC values. These

results indicated that& ;ﬁ nds of ranitidine tablets
were all bioequiv%accov&to the rate of drug

s N ———
absorption. Bran . D were completely

bicegquivalent with " . e rate and extent of

- ranitidine absorpd d E was greater than

any others. larger content of

drug in formular 2. However, this can be

concluded that a ould be substituted for

each other if the to account.

Tables pharmacokinetic

parameters est a of 12 subjects

after oral admiiyéfisﬁ '?ﬂ of five brands and
50 mg intravenous. %dministration respectively. These values

e i @UHANBAFIHIRT e 72 =

37, 38-41). th example, Garg. et al. (37) studied with 12

male fﬁtwf}lﬁﬁﬁﬁ 2 theyround maeﬂoo mg i.v.

dose and 100 mg oral dose, the hsalf-lives

were 2 hrs. and 2.7 hrs., respectively. The factors possibly
affecting these-differenges were the different methods using
to analyze _data, as well as the intersubject variability

such as the races, ages, weights and normal habits.
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Table 28 Estimated Pharmacokinetic Parameters (MEAN * SD)

of Ranitidine from

Subjects

Foilowing Oral

Adminigtration of Two 150 mg Ranitidine Tablets

Parameters

MEAN + 5D

Siatistic

Time to pesk conceniraiion,

5 {bhr)

»ax3

Pesk plasms concentrstiion,

C_ . i)

Arves under ihe plasma concentrsiion

o
-iime curve, (AUCL {ug-hr/nl)

Firsi order sbsorplion rete

consiant, s (br.’)

QRIRIAIRI NG

ﬂ“ﬂﬂ “‘i’IEI T

2.42 4 0,79
1,50 4 0,31

6.9 + 0,90

TS?_0.0?
&g

270  0.17

119 017

513 + 0,94

0.39 + 0,02

L

LH

| H

w
LI}

n

NS

significant (p < 0.05)

not significant (p > 0.05)
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Table 28 Estimated Pharmacokinetic Parameters of
Ranitidine from 12 Subjects Following 50 mg
Intravenous Administration
Parameters MEAN + SD
—— e~ . ” -
Area under the :- 2 \ Lime curve, 1.76 + 0.40
[AUC], (ugsF md ) | : \\\\x
Elimination rate’ cofie \ 0.37 + 0.06
Kel (hr™*
Mean residence time, 2.08 + 0.30
MRT C(hr)
1.44 + 0.24

ARAINTUNNINYINY
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In Vitro—-In Vivo Correlations

Table 30 exhibits the relationships among and

between various in vitro and in vivo parameters.

: ;/ significance between
‘ate constants in both

s: tegration timee were

There were

disintegration t ime

media. This result

not rate 1limiti dissolution. Poor
correlation was vitro : parameters
(disintegration £ ‘constants) and in
vivo parameters dissolution rate

constants in sim v & ekt £ 008

The correlation rate constants in

simulated gastric f ui E ”" g "o‘peak concentration may
= i

of ranitidine in

be due ¢to the

acid medium, acw - e e (=.-forming materials

used for coetin%ﬂr

formulation facto%s and processes for each brand may be

e e Y INUNINGINT
IR AL v N1 il

following parameters @ e and Ka. Base on the

NIN

#%ion, differences in

absolute bioavailability data the rank of these five brands

ghe, E > K dwl o0 > D




78
Table 30 In Vitro-In Vivo Biocavailability Correlations
Correlation d.f" B -1 L t-value |[Statistic
Disintegration Times 0.244(G) |-0.435(@Q) NS
vs. ‘
Dissolution Rate Consgtants ~2.1438¢1) NS
Disintegration Ti
¥5 . 1.686 NS
Ka
Disintegration Ti
vs. 0.114 NS
m® X
Dissolution Rate Consie 3.418(G) S
vVsS.
At 05793(1) NS

ﬂ‘umﬂw*ﬁwﬁﬂf :

G = simulated gastric ‘luid
ykin ammmmwmwma d
Ka = absorption rate constants
NS = not significant (p > 0,05)
8 = sgignificant (p < 0.05)
m_; = time to peask concentration
a = degree of freedom
b = correlat{on coefficient
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