CHAPTER III
RESULTS AND DISCUSSION

In Vitro Studies

The results- 1 vi / are summerized in Table 2.
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The dissolution profiles of all 13 brands of furosemide tablets

i —
Each ofqg brands of furosemide t

in phosphate buffer pH 5.8 is illustrated in Figure 2. Many
~ differences were observed for both rate and extent of dissolution of
different. brands. From the compendial monograph dissolution

requirement. (29), the amount of drug which is not less than 65% of the



Table 2 Physical Characteristics of 13 Commercial Brands of Furbsenide
Tablets In Vitro Studies
Weight® X LabelledFDmmtegratlm % Dissolved® Dissolution Rate

Brand ) Amount Time®(min) at 30 min Constant®

A 0.162:0.004 99.47+1.32 1 58.83+5.11  0.022+0.003

B 0.178+0.003 100. 13+q\\} @; 74.47+0.93 0.083:0.011

C 0.162:+0.005 98.58¢0.88 2. #0 gz 81+5.65 0.008+0.001

D 0.116+0.003 ' 0 s0x 0.006+0.000

E 0.205+0.008 0.030+0.002

F 0.183+0.008 0.018+0.006

G 0.161+0.003 0.044+0.008

H 0.201+40.005 0.033+0.005

I 0.162+0.002 54+10.28 0.076+0.054

J  0.153:0.006 3 0.007+0.001

K 0.16410.003 108, 147,87 0 s 0.018+0.005

L 0.186+0.008 .10: 0.17440.047

M  0.205:0.004 E& 24+1 0.030+0.009

Fmﬂi”lﬂ?l YWETTS

a. values ﬂre mean + standgrd dev:Latlon (n=20)

> %ﬂﬁs’?@%ﬂ%@éﬂdﬁ% We a8

lues are mesn + standard deviation (n =6)
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Phosphate Buffer pH 5.8

:Brand A (Y), Brand B (m), Brand C (a), Brand D (a), Brand E (%),
Brand F (v), Brand G (e), Brand H (¢), Brand I (a), Brand J (v),
Brand K (0), Brand L (+),and Brand M (ew).



25

labelled amount must be dissolved in a medium after 30 minutes. As in
Table 2, there were only 4 brands that passed the requirement of USP
XXI. The average percent drug dissolved at 30 minutes ranged from 7.5

to 92.04. At 230 minutes, Brand L dissolved more than others.

Most products except brand D and brand J, were dissolved more than 65%

after 2.5 hr. From both Tabl igure 2 indicate that there were

wide ranges of tablets . These variations might be

due to differences mc ing processes and/or sources of active

ingredient and e ng. The interactions among

constituents while «#able ot atribute to result in these

variations (33). integrating of tablets

might also influe issolution. As observed

in dissolution failed to disintegrate in

dissolution medius ' time, on the other hand,

tablets of brand L 4 e granule immediately after

TN A

exposed to dlssolutlon'ﬁ%' an

A

In Vivo Studies j
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A chromatogram from plasma containing both f urosemidg
and internal standard is illustrated in Figure 3. Retention times for
furosemide and internal standard were 3.59 and 6.02 min, respectively.
Chromatographic response was readily for plasma furosemide

concentrations ranged from 0.1 to 1.5 ng/ml (Appendix D, Figure 7b).
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Figure 3 High Performance Liquid Chromatographic Chromatogram of

a
Furosemide (F) and Internal Standard (IS)

8obtained from HPLC analysis of human serum containing

1.5 pg/ml of furosemide and 2 pg/ml of internal standard
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The sensitivity of furosemide detection in human plasma in this study

was 0.1 ug/ml.

1.2 Plasma Furosemide Level

osemide concentrations in plasma

for each product at each ar priat pling time from O to 5 hr. are
shown in Table 3. Thé“avera eﬂ‘qnust,rated in Figure 4. Each
Tr———

point in the fig oraged from 8 subjeets and the bars represent

.1‘\‘—‘ k-%"s .
the standard e brands” are also summarized in

Figures.
13
_ ent. of drug absorbed to the
general circulation ing 2 : ‘bigavailability of that drug from
its dosage fofi v (34) . The == h::-:-};;::%i luated by determining
pharmacokinetic p 1 asma concentrations vs time

curves. If t.he plasma level-t.lme curves of two brands are

supermpoeﬂlu E}ﬂ% Wﬁ.% W bioequivalence can

also be asSessed by comparlopg the peak plasma concent.ratlons of the

~Q RIS UNA TN TR e

whichireflected by the areas under the plasma concentration-time curves.

Relative bioavailability is a relative amount of drug
which compared to that of a standard or original brand. In this study,
three 1local manufactured brands of furosemide tablets which had

maximum (brand B), moderate (brand C) and minimum (brand D)



»

Table 3 Plasma Furosemide Concentrations(ug/ml)(Mean + SEM)

from 8 Subjects Following Oral Administration of 40 mg

of 4 Different Brands

Subject no.

Brand | Time(hr) I 2 3 i 5 5 7 8 Mean SEM
0.25 0,0000 0.0000 0.0000 0.0000 0.0000 1 0.0000 0.1616 0.0231 0.0231
0.50 0.0000 0,2088 1.1080 0.0000 0.2460 0.2149 0.0000 0.2842 0.2577 0.1287
0.75 0.0000 10,2555 1.7318 . 0.0000 0.2748  0,2335 H 0.4519 0.2682
1.00 0.0000 0.2684 0.4086 10,3590 0.4857 0.1772
A 1.50 0.0639 0.5254 0.3591 1.4449 0.6120 0.1666
2.00 0.4731  0.3185 0.2871  0.7849 2.4772 0.1067
2.50 0.5161 0,2330 0.1362  0.4914 0.3379 0,0333
3.00 0.3876 0,203 0.0000 0,3831 0.2859 0.0495
4,00 0.2025 0.1240 867  0,0000 0.1329% | 0.2814 0.0977
3.00 0.0957  0.1240 957%.0.0000  0.1912 0.2033 0.0314
0.2 0.0000 0,18 H i 0.1176 0.0748
.30 0.0000 0,498 0.0157 0.1295 9.2721 0.1154
0.73 0.0000 » L ¢ 0.1942 0.2857 0.1964
1.00 0.1486 0.,5909 0.0798  0.2044 0.5881 0.2358
B 1.5 0.5202 0.48% 0.3023 0.2219 0.3423 0.1349
2.00 0.6023  0.3549 0.3789 0.2942 0.4544 0.0569
2.30 0.5205  0,3510 0.2494 0.3377 0.3723 0.0297
3.00 0.2868 0.2667 0.2414 0.1806 0.2963 0.0164
4,00 0.2384 0.2544 0.2529 0.0919 0.1865 0.1953 0.0202
5.00 0.1470 0. 0.1901 0.1316 0.1689 0.1456 0.0218
0.25 H ), 080 H H 0.0982 0.0952
0.50 0.0852 U o0 —inuoTaves ﬂ 0089 0.025 0.5087 9,.3935
0.73 0.1689 (7908 ' ‘ H H 0.1633 0.0448
1.00 0.1883 00 ) i A2 .426@ 0.8041 9.0302 0.7690 0.2804
C £330 0.5121  0.{3 0.8015 1,568 0.8011 1.B&90=" L.211B 0.322% 0.9032 0.2140
2,00 0.3884 0.2543¢" 90,5307 0.9236 WIZ 1.3176  0.6730 0.9233 0.6983 0.1213
2.50 0.2 0.3475 0.3887 0.0998
3.00 0. Zﬁ uﬁ ’a‘ﬂ E;ﬂ ﬁLw ﬂ f:lgg 0.4418 0.4039 0.0687
4,00 0.1 0.2791 0.1386 0.2178 90.! 2453 0,14 0.1617 0.1906 0.0188
3.00 0.2099 0.1835 0. 1108 (ﬁllul 0.1618 ﬂ.z 0.0790 QQ,Oa?l 0.1463 0.0204
0,25 ' i ) Wooo] J ‘Vl H 00]06* EJO 0.0000 0.0000
0.30 0.0000 [} o o1 L T 0000 0.0000 0.0226 0.0000 9.0000 0.2427 0.18609
0,735 0.0000 H 1.4224  9.,0060 0.0000 1 0.3437  0.0000 0.32717 0.2363
1.00 0.0000 1,1284 1,422 0,0000 0.,0000 0.3576 1.0497  0.0000 0.5197 0.2133
D 1.5 0.3933  0.9178 1.0592 0.0000 0.4257 0.3828 0.8230 0.&537 0.6069 0,1153
2.00 0.7809 0.5889 0.4544 0.1362 1.2728 0.3348 0.4231 1.34L3 0.7148 0,145t
2.30 0.4357 0.3807 0.4281 1.1349 0.7098 - 0.4713 0.26i4 0.7373 0.37235 9.0993
3.00 0.2506 0.,2365 0.3005 1.0028 0.3614 0.4308 0.2624 0.3833 0.4038 2.0890
4,00 0.1799 0.1556 0.1942 0.3595 0.3174 0.2313 0.16% 0.18l6 223 0.0267
3,00 0.1625  0.0000 0.1295 0.2043 0.1923 0.1232 0.1942 0.0982 0.1280 0.0239

3, sanpling at 4.25 hr
t alssing data
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Figure 4 Plasma g.lrosemlde Conceg,tratlons (Mean + SEM) f 8 Subjects
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a. average from 7 subjects
b. average from 6 subjects
¢. average from 4 subjects

d. average from 3 subjects

8. average from 5 subjects
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dissolution values were compared to the original brand (brand A);
parameters used to compare are the absorption rate constant (Ka), time
to peak plasma concentration (t max), the peak plasma concentration

Z

(Cp,_,> and the area under the plasma level-time curves [AUCJ':.

tatistical comparison of the

parameters obtained O : lasma- I rofiles of 4 different
brands of furosemide tablels ai lﬁﬁtmﬁm to 8 healtfay

lcoxon Rank Sum Test

Table 4 shows,

males. According to
for nonparametric stati ) dif ferences from one

another in the parameterge

the peak plasma levels for
each of the four brands of Flro : abie averaging from each
subject.,, were -."(___ 0. 33 -‘c a single oral 40
brand C that the

mg dose. It was us i

plasma level reached {3 .039 ug/ml 1t.h1n 30 minutes after drug

admmlstrat.lonﬂx% E]h’ﬂ %qmlwgp’é}ﬁ %‘ound 1 pg/ml.
Q WA ﬁ“ﬁ%%ﬂ@%ﬁ@ ok sunecs

after o administration of 4 different brands of furosemide were
0.643, 0.609, 1.124 and 0.835 ug/ml " respectively. There were no
statistically significant difference between these values, based on

Friedman’s(P > 0.05) and Wilcoxon’s Test (p > 0.0167).
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Table 4 Pharmacokinetic Parameters (Mean+SEM) for Furosemide from 8
Subjects Following Oral Administration of 40 mg of 4 Different
Brands of Furosemide Tablets
Brand  Ra(hr'l) rauCTo(hr pg.ml 1)
A 1.71+0.84 i : 2.76 + 0.62
B 1.29+0.3 ' ' 1.94 + 0.18
. C  2.02+0 3.13 + 0.49
D  1.69+0.5 £4+012 | 185 10 2.62 + 0.29
5 Z
Friedman's X = X =4.95
test 9 0975
¢ Wilcoxon NS NS
" test
3 (,‘a =
thax =
[AUC] = under the concentration-time curve

. = ﬂ%&@%ﬂ%@%ﬂ’m‘i -

s not smlflcaanlfferen tp > 0. 01

Q‘W%Nﬂﬁm ummmaﬂ



1.3.2 Time to Peak Plasma Level

In most cases, the time required t:<> reach the
peak plasma level was within 1.5 hr. but in one case, it took up to 4
hr. to reach the peak. This indicated that furosemide was rapidly
absorbed after oral administr:

es were 2.00, 1.64, 1.63,

and 1.88 v, $ ectively. However, the

average peak tim cre not statistically different

(p > 0.05).

: nder the plasma level-time

1

curves estimated by 'O_t_jg_g_é_:f pr ﬁ»v e summerized in Table 4. The

relative bioavailability calculated by comparing the average area

-

L

F d to that of the brand-

under the plasni

A were70.29%, 113741%, and 94.93% for brands B, C and D respectively.

The diffeﬁqn éj qnﬂin%fﬂ mﬂuﬂved no statistical

signif icancqj(p >

PRIAATUUMINYAE



From Table 4, the average absorption rate
constants were also not statistically significant different among
these brands. Base on the results in Table 4, the four brands of
furosemide tablets showed no signficant differences in each parameter,
indicating they were all bioequivalent.

2. Clinical Res
Tabl : g 8 show results of clinical
response.Cumulative ‘ administration

ranged from 1878 to 2 the highest diuretic

effect, but from stati ‘ut.put. from these 4

brands were not. signifi

s ﬁ‘ﬁ‘a m ﬂiﬁfm m:,:::“:z:
“““% W‘i"ﬁﬂﬂ‘iﬁu URIANYIAY

From both biocavailability study and clinical response
study of 4 different brands of furosemide tablets indicated that there
were no critical differences among brands in both the rate and extent

of drug absorption and clinical response.



Table 5 Clinical Response (Mean+SEM) from 8 Subjects after Oral
Administration of 40 mg of 4 Different Brands of Furosemide
Tablets

Brand urine outpu retic C1” excretion K" excretion
(ml) : ~ (meq) (meq)

A 1878.38%205 43" 148.57°4 8,58 Uiy 12.78 20.86%.2.19

B 2205.00+254.¢ ' $23.95 24.96+4.20

¢ 2082.00+230.84' /130,05 414.85 | 186.21+17.82 24.86+46.35

D  1905.88+174795f A« 38+10.80 21.673.02
Friedman X% = 1.8C ‘ fsieles A X° - 3.7 xzs Wi

s Mn Y- J‘V, " 1 B
Wilcoxon

test NS

7
a. total urine output after 6 hr

o vl ] S YT

NS = noﬂ.lsxguhcant P > 0.0187

QW’W&NﬂiﬂJ URIAINYIAY
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Figure 6 Comparison of Clmlcal Response from 8 Subjects after Oral Administration of 4 Different Brands of

Furosemide Tablets :Bpand A (w), Brand B (+), Brand C (0), and Brand D (a).
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Pharamacokinetic of Furosemide Tablets

Base on the semilogarithmic plot of individual plasma
concentration-time data for 8 subjects, data appeared to follow
one-compartment model with or without a lag time. The WResidual
obtain initial estimates of the

: k iterative nonlinear least
fit each set of data

Method’ (Appendix G). was employed

parameters needed in fitti
squares fitting program,

 ——

and to obtain final esti + The goodness of fit

was tested by compari .of squares of the

deviat ions between

The pharmacoki gtighpa Snbs ‘.“, X ted from each plasma data
of 8 subjects after oral & i o of A 6f 4 different brands
0, Nblc 6. Fricdum’s end
Wilcoxon’s Test showed no

" L it
"."'—"' LTty

brands. (p > 0.0167 .}

'* q

The mean valug of peak plasma concent.rat. n ranged from 0.609

to 1.124 ng/ml Em gmtn?ﬁ from 1.625

to 1.997 hr., ﬁ lm +9 13 hr.ug/ml.
A WAL, ATHPNIEN Bl

0.26 hr. for all brands. The absorption rate constants were 1.71,
1.289, 2.018 and 1.688 hr. " for brand A, B, C, and D respectively.
The overall elimination rate constant and the plasma half-life were
0.699 hr. ' and 1.265 hr. Thé average plasma clearance was 301.72

ml/min.



Table 8 Estimated Pharmacokinetic Parameters ( Mean + SEM ) for Furosemide
from 8 Subjects Following Oral Administration of 40 mg of 4
Different Brands '
Paramater A B ) ‘ C D Mean SEM
to  0.330.10 o,:"_k' 0.08 ' 0.52 + 0.07 0.33 0.08
Ra  1.71+0.84 1.28 2w 37 1.69 + 0.51 1.68 0.11
Tmax 2.00 + O ,1.85 +0.33 1.78 0.386
CPpax 0.64 + O 84 + 0.12 0.80 0.20
AIC 2.76+0 62 + 0.29  2.61 0.43
Vd  0.58 + 0.1 .04, 0.38 + 0.04 0.48 0.04
Rel 0.63+0.14 £.67 £ 0,11 0.76 £0.07 0.74 £+ 0.12 0.70 0.02
Ty 1.76 + 0.53 ' 13 1.10+0.16 1.27 0.30
CL  20.41 # 12.89 21@ 138 %.6.04 15.82+ 6.65 18.10 8.43
to

Mﬁﬁﬁ mmmm V& G s

= volume of distribution (lit/kg)

Kel = elimination rate constant (hr'1 ¥
Ty p = terminal half-life (hr)
CL = renal clerance (lit/hr)



The pharmacokinetic pa._rameters obtained from this étudy were
slightly different from those reported by other investigators (4, 86,
7). Chennavasin et.al. (35) observed great discrepancies in
pharmacokinetics of furosemide reported from a number of
investigators; this may be due to different methods of analysis of
data. They ' found that the t
errors of method and th 3 |

f-life was most subject to

e least. Other factors

The relationships afiong Betveen various in vitro and in
vivo parameters are in Tab! : on times and dissolution
rate constants did not corre ‘7 ndicat _4 ng disintegration times were

not rate limiting step of furcsemids issolution. _Poor correlations

were also attained Bet o pa ‘t.max, Cp__., and

[AUCJ:) and in vitxﬁ of: 1@ time, dissolution

rate, and percent. drug ‘hssolved at 30 . in dissolution medium).’

ﬂ‘lJEJ’MEJVliWEJ’]ﬂ‘i

This s dg revealed t,het. the b1oava11ab111t.v f furosemide

e S B 14919 ) WY
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Table 7 In Vitro-In Vivo Bicavailability Correlations

Degree of Correlation
Correlation freedom® Coefficient t-value p-value

Disintegration Times
vs
Dissolution Rate Constants

Disintegration Times / = : )
i 1\ B:15 NS

). 22 -0.75 NSP

vs 0.42 NS
Tmax
Percent Dissolved®
vs 148 g
[AUC]o

Dissolution Rate -; )
o z y i NS
Ka E , I |

NS

158 >degree of freedom = number of pairs-2

b. not significant, p > 0.05

¢. percent drug dissolved in dissolution medium at 30 min
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In Vitro-In Vivo Clinical Response Correlations

The relationships between in vitro characteristics, such as
disintegration times and dissolution rate constant,and in vivo

clinical response,i.e.,cumulative urine output and urinary sodium

limiting step of di

This stud¥y i h linical response of
furosemide from o from its in vitro

characteristics.
Furthermore, 'I;abl '» 8 indicate that bioavailability

and clinical respenée of furosemide did not @efepd on its in vitro
—— ———

, ,

characteristics. | . @
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42

Table 8 In Vitro-In Vivo Clinical Response Correlations

t-value p-value

56 -0.963
urine® 1

Dissolution Rate
vs

1.821 NS
urine B e

Disintegration Timess
vs
sodium®

0.383 NS

Dissolution Rate
vs

-2.086 NS
sodium ,

o ﬁ“vrﬂmwmm

b.. ot qgm. ican

ARSI INY1A L

df Dissolution Rate Constants

e. sodium excretion after 6 hr (meq)
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