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The matrix affects the dissolution of furosemide, which is almost insoluble
in the dissolution medium.

In order to understand the effect of the matrix on the dissolution of furos-
emide, lactose, starch, Avicel ®pH 101, Avicel ®pH 301, SiQ, and talc were
used as the matrix and the solvent deposition method were used.

The dissolution characteristics of four dissolution medium were compared
to each other using various ratio of drug-to-matrix. V

The results are as follows:

1) Lactose was shown to be superior and talc was to be inferior to the other
matrixes investigated.

2) A maximum dissolution rate and dissolution amount of furosemide were
observed in 1: 10 ratio of the drug-to-matrix.

3) Tax 0f 1:10 ratio of the drug-to-matrix in pH 7.2 was 1 min. from
FM-lactose and 30 min. from FM-talc.

Tses in pH 4.2 is 2 min. from furosemide-lactose and 150 min. from furose-
mide-talc. Total amount of furosemide in pH 1.2 at 30 min. were enhanced
13.3 fold in furosemide-lactose and 3.5 fold in furosemide-talc compared to. the
control.

Diuretic action of those furosemide-lactose and furosemide-talc was also
evaluated by monitoring changes in urinary excretion of sodium, potassium and
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. urine volume’in-rat. The accumulated urine volume “were enhanced 1.7 fold

in furosemide-lactose (1.5) compared to the furosemide.
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HEES WHIES 248t Axsty = HEK 2293 inert soluble carriersld] FIE<l
furosemide-PVP coprecipitates}t furosemide-solvent deposited(e]s} SD-furosemide)2}2]
YHSHEE, WIS W 1l physical mixtures} SD-furosemides}o] vAHIMEES, WHIES
W@ AEsty o] rate]l MOBEYL @8l &, sodium 2 potassium kel A e
MRS #®&she ntolg.

B® % 7%

=g —furosemide (USP XX), lactose (KP V), potato starch (JP X), silicone dioxide
(USP XX), microcrystalline cellulose (Avicel® PH 101 5l Avicel® PH 301), talc(USP XX)

ﬁﬁ&%&——dissolution tester (BErweka, type DT), spectrophotometer (Beckman
DU-2)

Solvent Deposition Systeme| §§%—Furosemides} lactose, starch, silicon dioxide,
Avicel® PH 101, Avicel® PH 301 9! talc5-& #7 1:2,1:5,1:10,1:15 31 1:20 HE
e dAshe] A8 ol Ash s 2 skl e

Furosemide @ matrixt 100 mesh(14%9pm)# & E38 A& AH&std 1 =3

il
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=

=
5] A7) furosemide-solvent deposited(e]s} SD-FM)E 60mesh(250pm)A & 57
80 mesh(177pm) A ol #1573 A& A= A&t

Physical Mixture2| %! —Furosemide % 7 matrix: 100mesh(149um) | -E~ 53

£ 112,125, 1:10, 1:15, 1:20 w/we] k= A8z, $% 2o A4sa &
38 & 60mesh(250pm)A & F3}sl 80mesh(177pum) Aol AF= ke A
Avt.

Coprecipitateo| Fs—H%°2¢] wphyo] ¢l 1: 2(furosemide: PVP 40000) w/wel =]
2 e HEE 445te 60mesh(250pm)# & E-3tel . 80mesh(177pm)A ol 272 Rk
& Agshdet.
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% 3 = 835 Furosemide?| T8 Furosemide ©F 100mg-% A= 3| A=l
methanol$ Witz @RSt 2,4,6,8 2 10(y/mDe =2 HAg &, 274nmdal A BHE
2 Wit AT A Y=0.6505X+0.00988 ).

7 BB oF 40mgS A EELA A =kste] Hrsti methanold] &3 st BEE BHIEstL
L ASSAe gste MEFdl 3% furosemided] &S A AR

Dissolution Test—Calibration curve: dil. NaOH soln. - %2 furosemide ¢F 100mg

[e]

& AW A=kl 2,4,6,8 1 10(r/mD)Y FER A8t 274nmol A BEEE WEs
AT Y=0.0556X+0.0186-2 233l ch.

e e 1 USP XX¢| [@li# basket method& F&£8lgrt. A& xE 150rpme =z Fha
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BHEKEE 45579 @ pH 1.2 ® pH 3.0 @ pH 4.2 @ DH 7.28] §F94 & Al
VS B8 900m/= &g i furosemide 40mg JEE'E'EJ 7;“&%8}% A gls] A =Fet o basket
ol da e 370, 2°C1 S84 e}, .

Furosemides] WHES dAAZ A s 3.0m/4Y BRE z’ﬂzﬁi}‘ﬂ millipore filter
(pore size 0. 45ym).3. ol #bal i 274nmell A BREE HEstast. A ?f]ﬂ- B A £ A
28 i’étﬂ‘l@ﬁi 38}, A-43 7 matrix © PVP 400008 furosemided sl o}F-#
AFE WA & s A . ‘

Fuarosemide2| Eﬂﬁ BlE—4FF 9 BHIELE 34-%4 furosemide® 7} ded-& 37
+0.5°C ezl A FP 4o =2 o7tz AL F $94-& #5tef millipore filter
(O.45pn; pore size)2 3} ﬁqﬂ%‘-ﬂ furosemided] ¥ =& &R skgl.

HYE AE—MTE: Jrddoz figstas.

Scanning Electron Micrograph—pure furosemide, lactose, microcrystalline cellulose
silicon dioxide, talcE &3] 1:5 w/we] uj2 wE SDSE JEOL model JSM-35% scann-
ing electron micrograph® &< g-gv}. .

FREA—-BE#REWR AF 240~260g, sprague dawley-l rat(@)%: A-8-aksl ek, FURA]
dl g Kk Fol HAES) FEL EBE anz v A% 25%4 498: 55
& BOEHESS 202 T RE) A% FAES 0% & ravg Adste] Aol A
&35 ek °]9]-7Q:°] o 2] A ratgE &5 10nlel = st WEEST EREo=m ol 18
A 7}~ %ﬁﬁ/s}ﬂ -,- furosemide @ furosemide:lactoses} FM: talc: Z71:59 = wE
HEHE rat 4% 100g furosemide 6mgol] #3s} 52 = sksld %'-n—‘-’f- 2.5mld] sl
RO BEsty IR caged] uleld P 1,2,3,4,6,8 L 24A ZHAvic WA RES R
rh potassium, sodium$] £¢& K*; vis 383nm, filter, function EM, Na*; vis 295nm,
function EM#Y Z 27 6]l A frame method& o] £% atomic absorption spectrophotometer
= ZRsgnpn, |

R W ER

FERA A4 furosemide ¥ 6/ matrix® 100meshs] M= ek gnRo =
&7 PERTEL furosemide 25~30pm, lactose 100gm, potato starch 20~40um,
Avicel® PH 101 120~250pm, Avicel PH 301 150~200gm, SiO, '100~140pm % talc
50umg th. |

Drug-to-matrixe] & ©= sho] W& SDSF| 45 furosemides] @ope Table I
s Zvh. Matrixs] %o RAge] 7 ratiod] 48 furosemides] Fzteb& T},

Teble Tol EAE o1 2A ¢ 4 Q& A o] furosemider pHY g =7 wof



June, 1983 , & A T I A . 77

Table T —Furosemide Content(%) in Solvent Deposited Preparations Prepared under
Various Matrixes and Drug-to-Matrix Ratio.

Drug-to-Matrix Ratio

Matrix 172 175 1210 1:15 1720
Lactose 29.29 17. 64 9.15 6.55 5.71
Starch 34.78 18.69 9.72 6.73 5.30
Avicel® PH101 32.54 15.57 9.07 6.88 5.01
Avicel® PH301 30.26 14.11 9. 14 6.46 4.86
Si0, 35.22 15.22 8.57 6.17 5.13

Talc 32.13 16.52 9.49 6.54 5.27

Table I —The Solubility of Furosemide in Various Dissolution Medium at 37+0.5°C

prH Solubility of Furosemide, mg/m!
1.2 0.014
3.0 0.024
4.2 0.070
7.2 89.496

4+l% pH 1.2, pH 3.0 2 pH 4.22 s8¢ wlx pH 7.2¢] vl3] ZA B 3¢ 2o 3
vk,

27 FES 2REAENA SH HAAY BikE AANAY Bape) ERE R EEOE
B BAsng, £8 55 & pH 1.2 9 pH 4.2614 ¢ drug-to-matrixs] {E alF9&
o] & L££3F(1508 dof)-g AEE (table ) £%ske] oA 71ed 1:5 w/wit 2
1:10 w/wits wlE SDSE A<elvw pH 7.2, pH 4.2 & pH 1.2414 ¢ L2455 W 45
e 24% A9 table ¥ 2 Vsh goh. pHell sAlgle] controlol] ¥lal $&4=7} wh
23 4295 343 A% ¢ 4 Uk |

Table ¥ & VE Teu= I35} (table ) matrixe}e] ratiod] W 3le] wlel Tewd &
17 234 WA E B 115 w/w i Blksl A talc® A9k 3ol Mg w11 10w/
wite BE SDSOIAE talc® A2 58 matrixst AY 15olvlel Tewdl $3% 23
©}. Talc: matrixe}d] ratio @sle] e} #8457 waldie g0t Tawk 30-1504
olglek. & pH 7.261 4 & talcE A9 8lx matrixd] EFo| vzl Jge 32 g3t =
Sl 30548 & §2%& controle} 11~1.4w ek, i

Table VI-& pH 4.261 4 # k= wlE SDSY Tsud FAZ Aclet. Table N & Vb
% AP ea pH 7.2614 2455} mgtel 1010 w/wit 2 1: 15 w/whol A lact-
ose, starch, Si0,, Avicel® PH 101 = Avicel® PH 301¢] £9ul2 $2393, Tows
AAA oz 1051 dch. 2 Fd = lactose, starch & Si0,x 44¢]v <+h.
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Table II[—;Cumulative Ainount(%) of Furosemide Dissolved from the Solvent. Deposited
Preparations Prepared under Various Matrixes and Drug-to-Matrix Ratio and
Physical Mixtures in pH 4.2 or pH 1.2 at the End 150 min.

Dissolution _____Sample :
Medium Control Matrix T :Dsrug io I:Ioatrixl F?;‘o Loy
Lactose 88.19 89.82 99.11  99.11  87.05
Starch 84.30  88.23 96,18  86.05 - 84.07
Avicel® PH101 69.32 80.03 81.4%  61.69  82.22
Avicel® PH301 71.58 83.79 82.54  84.00 - 82.61
pH 4.2 26.08  SiO, 73.33 81.05 95.16  79.70 - 79.89
Talc 30.12  43.81 50.46 48.84  47.13
Lactose* 30,53 76,23 77.84° 68.21  75.89
Starch* 43.43  68.69 72,12 7359  68.12
SiO* 48,38 66.54 68.21  67.59  67.84
Lactose 51.68 62.24 72.25 68.13  62.35
Starch 40,24 56.17 79.07  68.21 57,12
Avicel® PH101 36.44 53.44 61.93 57,33  55.42
Avicel® PH301 38.50 42.31 50.26 52,28  53.90
pH 1.2 23.33  SiO. 40.69 48.63 57.69 41,99  46.54
Talc 24,17 25.26 27.58 - 2706.  25.86
Lactose* 32.28 39.76 48.48  43.34  43.84
Starch* 26.17 36.65 44.34  42.03  43.68

Si0,* 31.22 41.00 44.48  42.63  43.49

*Physical mixtures

pH 7.29 Aot 9] matrix8] 3§¢ Wzl wet $2&xd Ao 98¢ ALY
4 vk 1:5 w/w i 1:20 w/wik® BE SDSE AY & A%e R Tt 205014
get. Tale: pH 4.260l 45 AR $2455) ez oW Wz uE SDSoﬂ/ﬂLf“Tsoa«F:'
150470} AF ojgde}. = 1:108] = wHE SDSE 30436l A8 #&-&8F tale(5i)E A sl
3E controls) <F 8.3-12¢] = pH 7.2¢] ¢ nrl matrixe] §gke] 4933 ke 7,1—% <
4 9%t (table V).

Table W& matrixs] £ %4} & nl7e] 2E SDSY pH 1.2 49 3045 7148 % &
2%¢ ibehd Aoz pH 4.2614 8 Aabsl A8 e £92 L&) woka, tale(l.5~
3.54] )% A 2l §k matrix: controld] o 7.8~14w]9] gZsFolgich. - pH 4.2614 2l mat-
rixe] d@el o T RAE ¢ & Uik
ol Aol Al pHE 9 g-g mA 4wk furosemideds matrix®] Fw o) AZA I tales) 7o)
matrixs] ZFol vtk 289 Aol ® ok AE glont A %A gtd pH L2 pH
4.2 A% A kel 3¢ 4 4 99t ol& matrixit = 8 Lol A I
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Table N —Amounts(%) of Furosemide Discolved frem the SD  Preparations Prepared
~under Various Matrixes and Physically Mixtures in pH 1.2, pH 4.2 and pH
7.2(Drug-to-Matrix Ratio=1:5)

ll\)diesgiol};ltion Matrix . . 'I‘Li)me(min.l)0 -
Control 0.00 0.00 0.36 1.76 5.24
Lactose 32.88  35.30 37.59 37.10 44.58
Starch 19.95 23.85 29.95 30.75 41.28
Si0;, 22.80  26.81 29.88 30.06 39.05
pH 1.2 - Talc . 2.33 2.82 6. 05 7.47 10.26
Avicel® PH101 14.31  14.80 235.98 28.12 39.39
Avicel® PH301 12.04  13.98 17.22 22.24 30.33
Lactose* 4.19 6.70 11.23 15.93 27.26
Starch 1.76 2.41 5.64 9.21 20.78
Si0,* 8.16 10.79 13.24 17.26 23.45
Control 0.00 0.48 2.92 5.32 11.16
Lactose 29.73  36.25 51.68 58.30 73.68
Starch 26.73 34.63 44.15 54.53 72.35
Si0, 33.94 35.21 45.47 56.61 70.68
pH 4.2 Talc 6.83 9.45 13.84 17.80 26.77
Avicel® PHI101 27.46 31,02 44.00 52.78 67.56
Avicel® PH301 24.99 28.71 38.10 47.19 61.03
Lactose* 11.31  14.63 26.62 39.63 58.61
Starch* 12.69 14.79  26.29 38.27 51.38
Si0, 14.31 19.81 30.33 36.62 50.01
Control 11.23  17.43 27.58 40.13 72.10
Lactose 90.20 95.55 97.23 97.23 98.80
Starch 74.02  90.23 95.58 98.32 98.32
Si0, 84.31 88.68 91.13 95.94 99.72
pH 7.2 Talc 43.85 49.69 57.53 60.22 62.58
Avicel® PH101 77.19  8l.24 96.29 97.10 98.37
Avicel® PH301 83.90 84.29 89.26 96.30 99.78
Lactose* 79:.32  89.09 92.74 91.60 92.65
Starch* 53.72 56.56 70.29 75.09 84.37
Si0.* 51.04 63.98 80.26 78.43 82.69

*Physical mixtures

+ v A& Aoleta AR .

olebgre] AAelA matrix®] E5 W A3 el g ko] FHort fum= e SDSH
LAY —ZKF7A THAE AE ”’E‘]']'q $E4Es w2 $E3e] B2 lactose,
starch @ Si0,& v} = furosemides]] & 353t physical mixtured] g8}l ®]m FAES 1
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Table V-—Amounts(%) of Furosemide Dissolved from SD Preparations and from Phys-
ical Mixtures in Various Dissolution Medium (Drug-to-Matrix l}atio=1 2 10)

.ﬁiesgio_‘fgfion : Matrix - : 5 o ’1‘5ime(min.1)0 — 5

Control 0.00 - 0.00 0.36 1.76 5,24

Lactose 30.01 33.47 40.138 46.05 55.99

Starch 26.13 30.75 41.08 44.51 54.61

pH 1.2 Si0, 27.38 28.68 33.54 38.88 46.97
Lactose* 6.05 6.70  12.04 18.95 28.97

Starch* 4.50 5.73  11.88 13.34 24.99

Si0,* 7.79 9.94 13.46 17.57 24.93

Control 0.00 0.48 2,92 5.32 11.16

Lactose 42,70 52,83 64.14 70.53 82.63

Starch 38.81  45.55 61.03 67.39 80.13

pH 4.2 Si0, 36.63  43.42 54.59 62.69 75.31
Lactose* 13.00 * 23.37 37.78 48.63 64.97

Starch* 15.44 16.98 30.42 38.19 57.29

- 8i0,* 9.93 16.90 32.73 42.35 57.64

control 11.23  17.43 27.58 40.13 72.10

Lactose 81.23 = 93.32  98.68 98.57 98. 26

Starch 83.53 9191 97.68 97.25 98.38

pH 7.2 Si0, 90.44 91.26 . 95.22 97.24 99.63
Lactose* 87.39 88.69 96.51 97.43 96. 54

Starch* 60.93 65.30 74.69 80.43 86.73

SiO.* 60.29 78.56 80.92 79.41 79.59

*Physical mixtures

Table [—Time Required to Dissolve 809% of the Furosemide Content (Tgx min.)
- from Some Preparations in pH 7.2

Matrix Drug-to-Matrix- Ratio

1:2 1:5 1:10 c1015 1:20
Lactose 1 <1 <1, .2 2
Starch 3 2 <1 <1 <1
Avicel® PH101 10 2 <1 2 2
Avicel® PH301 10 <1 <1 2 3
SiO, 5 <i <1 <1 o<1
Talc >150 60 30 40 50

ke, ,
1:10¢] }z % SDSsl F—He) physical mixturests] WHIEEYE table W} 7vt.
- FEE BF controlel M WiEel HME moln Yot
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Table VI—Time Required to Dissolve 50% of the Furosemide Content (T, min.)
from Some SD Preparations in pH 4.2 Medium

Drug-to-Matrix Ratio

Matrix

1:2 1:5 1:10 1:15 1:20
Lactose 20 5
Starch 25 8
Avicel® PH101 40 10 4 8 3
Avicel® PH301 50 20 10 10 15
Si0, 10 10 4 5 15
Talc >150 >150 150 > 150 > 150

Table V—Cumulative amount(%) of Furosemide Dissolved from Some Solvent Deposited
Preparations in pH 1.2 at the End 30 min.

Sample
Drug-to-Matrix Ratio

Control Matrix 1:2 1:5 1:10 1:15 1:20
Lactose 34.28 44.58 55.90 52.58 48.50

Starch 19.83 41.28 54.60 47.43 35.38

4.19 Avicel® PH101 28.72 39.39 ‘ 42.47 37.71 38.57
Avicel® PH301 25.39 30.33 32.60 30.24 30. 24

Si0, 30.63 39.05 46.97 36.29 30.63

Talc 6.54 10. 26 14.79 13.09 14.96

pH 4.261 A lactose?] physical mixturel Si0, ® starch®] physical mixture Xrt}E

S&vel wort SDSH Hl# of 20%AEY we FE& 23y $ESEE =3lov pH

L2 A 2 Age] oS dAHR.

LZzgle = 2 FEowAY coprecipitatests] $&4xol =3 wlmE kA
H90v00] w88t FM-PVPsiel Hoob 1:294) bg 2 $4458 dehigleons,
SDSE coprecipitates} F—3t H =t A & £58 wol 1:10 w/wel HE 2AF A
¢ 3 plotsl g et (Fig. la, 1b). pH 7.261 49 4% patternol] A= =44 w matrix
18} o) 2ol & QA E & U, pH 4.26] A& coprecipitated] -§&=Fe] Bokrh. =3
1} pH 3.0, pH 1.26] 4 SDSE 279 5<% ul 2&32kd 4] coprecipitate® v} S8k
pH 3.04] 4= matrixs}2) J:t°ﬂ£ polE JAT & gidst. & AAel A% -’Fi z7]
o §E5x d -9-%3“’11/‘1 2APEY 2E JAT F 99T = 24 ol w25
B &&=k FAE E 4 Qe P £ drug-to-matrixd] E F3ie.

Figure 2a-2ed] pure furosemides} furosemided] lactose, Avicel® 2 SiO,& 1:59 [t

—

2 AxbA g SDS =k Eiﬁi-% scanning electron microscope® -2 Aold] matrixe] ¢
sl wiel =91 A2 P Ape] Eskrd.
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Amount dissolved (%) .

0 20 30 10 20 30

Timelmin! ‘ " Timelmin)

Figure 1a-Dissolution profiles of furosemide solvent deposited on lactose and starch
and of furosemide-PVP coprecipitate in pH 7.2 (left) and pH 4.2 (right).
Key: O, FM-lactose=1:10; A, FM-starch=1:10; @, FM-lactose=1:2; &,
FM-starch=1:2; [, FM-PVP coprecipitate; <, pure furosemide.
All experiments were carried out in triplicate.

- 100 a8

8ot T

Amount dissolved( %)

Timelmin)

Timelmin)

Figure 1b-Dissclution profiles of furosemide solvent deposited on lactose and starch
and of furosemide-PVP coprecipitate in pH 3.0(left) and pH 1.2 (right).
Key: O, FM-lactose=1:10;" A, FM-starch=1:10; @, FM-lactose=1:2; &,
FM-starch=1:2; [J, FM-PVP coprecipitate; <>, Pure Fyrosemide
All experiments were carried out in triplicate.
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Figure 2a—Scanning electron micrographs Figure 2b—Scanning electron micrographs
of pure Furosemide powder of SD preparations of Furosemide-
(X 2000) to-lactose ratio=1:5 (X2000)

Figure 2¢—Scanning electron micrographs Figure 2d—Scanning electron micrographs
of SD preparations of Furosemide- of SD preparations of Furosemide-
to-Avicel® ratio=1:5 (X2000) t0-Si0; ratio=1:5 (X2000)
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Figure 2e—Scanning electron micrographs of SD preparations of Furosemide-to-talc
ratio=1:5 (X 2000)

o]l el lactosed] A9 =) 3 Fwlel| furosemider} 3] 2hg

o] &
gov 54 x @ L&sFe] ke talck lactosex] ™ Fu3dt zd Azkg @A 5
A ek, Talel JEAo =z KE T 2 M4 keaAe] a3 WHEREe] 2o

504
9 1234682trsl 0123468024 01 2346824 012346824
Control furosemide furasemide

lactose furosemide tale

Figure 3-Comparision of accumulated urine volume for 24 hrs of furosemide and
furosemide solvent deposited on matrixes by solvent deposition method.
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