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Analysis of in Vitro-in Vivo Correlation of Furosemide Tablets Based on Bioequivalency

GENG Dongshengl, DING Liz, ZHANG TengXil(I.Institute for Drug and Instrument of Xinjiang Military Region,
Urumqi 830063, China; 2.Youyi Hospital of the District of Urumqi, Urumqi 830049, China)

ABSTRACT: OBJECTIVE
dissolution test of Furosemide tablets produced in the domestic could be replaced by bioequivalency(BE). METHODS The
tested and control preparations of furosemide were selected. According to methods of requirements of the Chinese

To do the test of in vitro-in vivo correlation(IVIVC) for discussing whether or not drug

Pharmacopoeia 2015 and monitoring of fiber-optic in site dissolution testing equipment, the percent of accumulation furosemide
dissolution were monitored and similar factor f, were calculated. The blood drug concentration of tested and control dosage
forms in vivo were determined and the pharmacokinetic parameters were counted. The percent of absorption, bioavailability(BA)
and BE were measured. IVIVC of Furosemide tablets was analyzed. RESULTS Two furosemide dissolution curves of tested
and control preparations were similar by the way of similar factor f, evaluation. The differences of main pharmacokinetic
parameters such as #,.x, Cmax, AUC24and AUC_.,, BA and BE between two preparations were significant. The discrepancy of
the percent of absorption in vivo and IVIVC of Furosemide tablets were not significant. CONCLUSION The BE of
Furosemide tablets produced in the domestic can’t replaced by the drug dissolution test at present.

KEY WORDS: Furosemide tablet; drug dissolution; bioequivalence; in vitro-in vivo correlation

B W) 55 R0 PE (bioequivalency , BE) A& 17 #il] 24
(abbreviated new drug application, ANDA)Jii &5
W B A S e bR, HELE ANDA 1A LA
Vv S BT, (HR, FERER AR A 4
I AT AH I o O T T AR T2 S AT PR B FH M) R )
WRFEAK P, WHO ¥ AN BCS 7K RGEH IV
KU, BRI T A B K E BE CLogP i
FH A R 116, BT K 73 B S 20 R) LogP {4
HAAIVERL T T BCS 12K g9 BRI 24
BAFE— @ MM RE 25K, WHO 2] LU H
B BE BIAYpEA G (38 0 e [ 4 1) 770 0 H R
RIGHEARIE W) 24, BCS K255, i

EEME: HE4E/KHEX BAR R 4(2013211A119)
EEEN: AT B, wit, #i%, FEHT
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2 2GR WS PR D B, A R RE R ST AR N
A FENE (in vitro-in vivo correlation, IVIVC)Pl,
I, AR S0k B N R ZEK I ZiiE HE S BE 1
FH O HEATRE 5

1 NESHH

1.1 &

FODT-601 J& £ 244 th 5 S b il s A (& B
BAYFEAREGRAT); ZKT-18 B E S MR
KRERBHARAA); CPA224S 1 K -F
(d=0.1 mg). ME.225S % H1-FKF(d=0.01 mg)33
F Sartorius A &) ; Agilent 1100 7 5= R AH (154X
EH Agilent AF]); UV-2450 B8 A e 6 FE A

E-mail: dongsheng811@sina.com
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(H A58 A F)); PHS-SB RS 35 B2 11 (AT 25
B AN F A PR A 7]); TCL-16C BUGIR B oMLY FE
ERRFAAESE R A A]); AKHL-11-16 B3 H7
A KA (AR T 924 B H 4K ¥ &) 7)s YKH-Z
R e TR G 2R (CL P BT 280 ).
1.2 R%

R ZE K0T B (B B 2 ks e i LR, Atk
5 100281-201204, 4HFE: 100.0%); FKZE KX HE
HlFR (DA R A w], #5: 12111398,
kg : &R 20 mg)s PR ZEKSZ R R (LL IR L FE 24
WAEHR, #5: 1207067, Hiks: 44 20 mg).

S8 FH KON B 4K (B S 2 <10 pS-em™); A A
LA (FIE 5. 20131006) « BEER AW (LS -
20121028, 20121102, ¥JArHraf). BERRELS
20130602)34) 0 5 R i1 #4622 1A BRA 7
gk al, SRR (P EY AR A A,
L5 A998-4]; .
1.3 W

fa e SD KB, A5 180~220 g, Q34%3¥,
) b B B R RBER 2= B s I O HR AL, SEIR )
YFAIES: SCXK(H)2011-0004.,
2 FHESER
2.1 SEEHIE 250
2.1.1 WIS A TR E 25 2015 4R
PRI 3BT T e, ik 28K VR A R pH
5.8 WEMR Eh 2 R

PRV kS B ORR E T R A R ZE oK
31.95mg, & 200 mL &, FHEHNBUEHFIE
ER, WIS WK 0.159 7 mg-mL_1 I
o 7 288
212 FHIEFERAE O4CE K4 IR A
FODT-601 1% ; B 23.955 pg-mL™" FI5%F HE S va i ()
EOG IR S P 4491 15 mL, BT 100 mL &=+, i1
A FUE SR, TSEE UV-2450 S AMA] L4y 6k
FEvk BAAg, e BREEK A I K Jy: 277 nm,
HERHRTI S KR 550 nm; AL EIR LT
FFEFN 3 mm,

QLM R R FEERBET RS %W 3, 5, 7,
9, 11, 13, 15mL, % 100 mL &, AR
MRZZE, B, HRIIKENKIEX 4.791,
7985, 11.179, 14373, 17.567 , 20.761 A
23.955 pg'mL ™. MBI 1~6 5 10 mL I 5E b
M A pedtrt, [ e KA S e, MEid
o E IR 252 2017 4E 9 F 55 34 4555 9

BRI (RN TATRE, K AT IR SKIR N SR 1 7 2 FH T R
W, PRI HEER, 53 6 NMEERIZY)
RS (HT 5 BRRE X 2 W A A R WO P R AL e
i, A2 E 0 C 5WORE A TR PERNA,
SRR 6 KBV, H4alk: EiE 1,
C=-0.30+131.24, r=0.999 9; iHiE 2, C=-0.70+
130.84, r=1.000 0; iEiE 3, C=-0.90+129.84,
=1.000 0; JHiE 4, C=1.10+130.74, r=1.000 0; i
i 5, C=—020+13124, =0999 9; iHi& 6,
C=-0.40+130.74, r=1.000 0, F: F¥[E11975 N
C=-0.60+130.734, K FRHr=0.999 9; LWHTTL
LTS8 R R AT, LR R 4.791~ 23.955 pg-mL .
O A 5 - B 23.955 pg-mL ™" (% IR G A
i, F FODT-601 LM 6 UK, W2 A3 #4555 %
[, RSD fH N 0.76%, &5 SRR K % R4 .
@FasEME: X 23.955 pg-mL ™ X HE L AR
SYRIE 1, 4, 7,09, 12 ol E X IR SR VA RO
RSD fH A 1.20%, &5 53R B0 B G lAE 12 h I
.
213 W EENEDT AR B AR il 2R T
S WAE 0, 2, 5, 8, 10, 15, 20 A1 30 min I a] 4,
KH FODT-601 A% S 7E e 43 7l I 5 ok 2 K v %
FE R 52 K i) 770 I o i) 8 4 1) 24 9 SRR o R
(WRFEK 6 BRI AR A FSMR; BRIEK B 324
HlFI RN FSMT). WZI, FSMT HIZi &R
TRV 7 R T FSMR, 455 WE 1; £ A4
T4 RN 46.36, MR H A SCHRA A E
T 25 P il B AL f DR BR BEAE RIE
SZ AR5 0T HEL I 700 245 0 3 H il A AL B 5 52 3
FIFE 15~30 min “F ¥ H %215 85% LA L i,
f>42) 10,
100 A
90
80
70
60
50
40 -
30
20 A
10 4
0

R E /%

0 16 2|0 3b

t/min
1 REXR TG A B EIA 620 BRI 05 i &
Fig.1 The curves of the percent of Furosemide accumu-
lation dissolution of tested and control preparations
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2.2 PRI ZGIRE K s K e

221 JRZ KR RESH & BfEHE SD
KRR 12 H, RABENLIX 9250 ¥ HBENL > A
24, A6 X, KIHMBEERE NN TR M)
Vs AR 2 [, ABEEMIOK. BRI
GRIFAEEY 12 h, AAETERET MK, H 1A
Hopr R FR TR 1 ok, 28 2 ALK DIRZIRE
m 1R, Rl RZE Al T 45255 0.5, 1, 1.5,
2, 3, 4, 5, 6, 8 10, 12, 15 124 h 7£ KEHR
FRIGE KA 0.25 mL, B TRELEELE S
E 30 min 5, L3500 r-min B0 10 min J&,

R AR RN R OIBELEF, T
20 ‘CUKFEHFIRAT .

2.2.1.1 a4 AichromBond-AQ Cjg o it
(250 mmX4.6 mm, 5 um); FEHHH: ZME-0.05%
WEIRVE (32 & 68); ¥iiE: 1 mL-min”', #FEE
20 uL, KK 235 nm; KR =il

22.1.2 I K OFE R Ab B K i WA K
3500 r-min~' B0 5 min, FESEREZ MRS
100 pL, BT 1.5 mL HERRKIGELE S, I
AN 03 mL 45, mREEHwRY 1 min, LA
12000 r-min~' £ 4 'C N B0 10 min J5, A4 3%
WHL FIEW, HRES O , BT-20 CiK
FEARAE . R B, 22 0.22 pm B3k 2 g 2
WJa, FENBEFER AR .

222 JiikES OFEMNEEME: BRI
WRIEK AT HE S 10 mg BT 50 mL Eid, AL
i E A IC AR 0.2 mg-mL ™ R0 R i A TR . R
K 0k R i 4% 0P S AR R AR 20 pgrmL!
(P55 BV . UK R 2 AR A, TRA 3

AIJEEL 100 pL 4% “2.2.1.27 TR j7ikhbs, iR
SRR A K AR . BURA SN2 A
290 pL, JONFRZE RN HE A i 259 10 ul, TR E
A a4 “2.2.1.27 TUF LA B 3R 2 15 0
FEMK EIEE. R EIR: RIEK AT IETE XK,
NERRE, HEE>1.5, MERETE 0.95~1.05
Z 1], HERE>6 000, 259000 E AN 32 M IR 1A
AT, kL 2.

@b H 2 5 A PR = A 3 O I G B K i %
W 1.25, 2.5, 12.5, 25, 50 A1 100 pL, Z:3IH0A
TEIMZKZE 200 pL, Bo A 53008 1.25, 2.5,
12.5, 25, 50 F1 100 pg-mL™" [¥] 2 51|k 2K I S 4%
o % “2.2.1.27 TR A VEALER SRR BT DK
S8 KON HEE ity ) 06 T A (1) 0 R (O) AR e A2 ] VA 43
FRUETFE: Y=143.03C+83.597(=0.994 7)., 45 B %
B, WRIEKIMZGIRIEAE 1.25~100 pg-mL™" ALk
KRR Hl4 5 AMMOLI)E =R BRI 1 1m 5
FEA, PRk IR R T SN=3. 4R
e WREEK I AT R A 0.3 pg-mL s

@71 R B = WS Ik ZE K o) R £ 2% VR
12.5, 50 A1 100 puL, A0 A% H L3 2 200 pL,
LR ZE KW E > )8 12.5, 50.0 A1 100.0 pg-mL ™,
FEANRFEM S 4y, % “2.2.1.27 TR JriksdE,
S8 VT ARAR AR 1 T 22 7 FR T AR B, IS,
W, AR R ZE K H RS % (n=5)RSD 43l M
0.78%, 0.64%F1 0.61%. A%, £ 4 CiE 1, 2,
3,5,7 dME, FH %L H K% B RSD 73 51N 1.55%,
0.89%F1 1.76%. MIE 45 KR, e i 5 vk 28
KWy kA ZER(HHNAHIE RSD
<15%).

t/min t/min

2 HPLC A
A-FAMK; B-Z AMKIRER; C-RRIRA MK, 1-BkEK,
Fig.2 HPLC chromatogram

A-blank plasma; B—blank plasma + Furosemide; C—rat plasma of taken tablet; 1-furosemide.
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@T5 1 ISR s T PR ZE 0K ) FIEL i 45 VR
12.5, 50 A1 100 pL, 73 AI0IAARST ALK 2
200 pL, HPRZEKFTEWRE 7HI08 12.5, 50.0
100.0 pg-mL™", SANFREIREM 5 60, Ak
KA A 3 4y, % “2.2.1.27 TR J ik3AE,
I v T AR AR NARTE 26 7 FETH SR, K,
b, R R R ZE K B (n=5) 43 N 100.51%,
100.37%F1 99.44%; RSD {H 7354 1.23%, 0.84%
F11.54%; ~FEEA 100.11%.

223 MZRFENE  RAHIMREER R E &,
S AN I AREh 26 77 72, SREMZ5RE. %
T 5 0 FHER o 1)1 357 B 1] - of 245 94 2 5 SR LI 3

140 1
—o— S
120 ¢ T —o— XA
100
5
£
n
=
:\i?.\

®

15 20 25

B3 KR UROREX FJE A F B e 25 ok L
Fig. 3 The blood drug concentration in different time after
oral Furosemide Tablet in rats

224 ZEFSHNE R EZHE Y%
YRV 53 2w K 3p97 28l AR T X 1L 2
WP (R B AT A B, THEA RIN A S
Horbr, IR TA] (fmax) SR UBEIAR FEE (Conax) 9 S AE
245-I M 4 N A (AUC): R BRIV TH B, 232 1
(tu2) 3% R ity A 100 245 AR 5 5% 504 R0 B ) 3847 28 2% [
1, REGHREREKe)ETHE, ERILE 1,

Rl REXAEANBABEWNEEZANF S H0=6, X*5)

23 AEWEERAES T

R¥ER 1 AUC, THEAX AEYF R (F=
AUC 24 ¢titt/AUCq24 ziemm); KF SPSS Sl 274K
P, RHEE 3 FIHE) AUCo,, AUCo., Cyfil Ke
it mHUE, %18 Wagner-Nelson /5%, 11 &EAKRN
25U H 43 i (absorbent portion, AP%); H43K 1
3 DNENEZE tma Comax M AUC 04 220 B2
W5 IR R 7 Z o0 Wi AT B MRS, AR5
KA ¢ K5, THEL 90 % BAS X [EAAES Hk:
56 B G vk o3 B 7 1R VR R0 W7 52 R i AR R
TN A 2, B 0=5%, f=20%L""%,

AP%ITE AR T

G
AUC, , +- 1

X
APY% =2 5 100% = Ke +100%

A, 0—o0

A Xy, N ¢ BPEE 2RO AR 259
B Xy NG R AT 53N R 20 &
AUCo, A ) a2 ¢ e T AL AUC). A%
255 2 R K L TR CoNARHAZE I
M MLZGHREE s Ke DN PE 2511 9 T B 0 W 4
2.3.1  BRFEK F 524k 55 ek IR0 7E K B AR Y IR
W g MRAE-TH M2k, KA Wagner-Nelson
RS E A AP(%),  HLE A2 IR 5 0] 8 1 57 7
I N IR 2 . 25 RS - AR AR
A, 2 E X RREFIAF, AP(%)HIE(E S H
BAAEKRRAZ)E 3 hy & k65, HWERFR %1%
RS X R HIF] C F1 AP(%), Bk 0.25 h 4k, &%)
ZREGXRGIF C MERBARITFR L &
2523 5 5 HE TR AP(%) I 22 3 B G it X
SR WK 2.

2.3.2 BRZEK 32 0t MR R LE K BRUAAR N B AR
VIR 4% “2.3.17 R 8RB TTE, 155
Ik 2K 52 4 ) 50 AR e R 1) 5510 7 K BRU AR Y 1
X EMIR A E N F=(AUC247Dp/AUC04xD7) X
100%=(AUC.47/AUCq.24z) X 100%=(97.22/355.78) X
100%=27.32%

Tab.1 The main parameters of pharmacokinetics of Furosemide tablet after oral single dosage(n=6, X *s)

%5 fi/h fmax/h Crnax/pg'mL”! AUCoa4/pg'mL ™" h AUCo./ug'mL™""h
2RI 2.87+0.35 3.11+0.027 26.13+3.80 97.22+6.04 97.22+6.04
SXof e 1) 751 2.97+0.31 3.34+0.039 82.89:+8.92 355.78+21.95 355.894+21.92
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R 2 OREXRR LG XA F B KRRk

A B (n=6, X *5)

Tab. 2

different time between tested and control Furosemide tablets

The comparison of drug absorption percent in

(n=6, x*s)
e 0 W 1) 75 i
h C/pg'mL™ AP/% C/pg'mL™ AP/%

025  0.55%0.16 0.26+0.08 0.90+0.48 1.23+0.66
0.5 7.47+0.60 2.25+0.17 1.46+£1.337  1.66+1.51
1 17.62+2.50 6.22+0.88 7.60+3.28%  9.32+4.02
1.5 31.88+14.64 11464526  13.48+8.41"0  17.26£10.77
2 68.93£18.49  24.48+6.57  18.07x10.81% 23.61=14.12
3 81.88+39.47  38.03x18.33  26.41=12.94” 40.77+19.98
4 61232395 31.42+1229  12.25+4.687  24.18+9.24

5 xR B

Dp<0.05, 2P<0.01.

Note: Compared with control, 1)P<O.05, 2p<0.01.

2.3.3  BRFEK F 52k 5 0t HEI PR K R R Y A
WIS 4% €237 TURHURE A A, 153
Wk ZE K Fy 524 1 3 A X ) B ) 7R K B4R ) BE
GEIL . WRIFEK Py IR 52 24l R FE R (1 32 B2
B ¥ 2 A B E M E R (P<0.05) . 61<t10.055) »
H<t1.0.055) CARZ i S5 R Conax KT EAE AR
) 90% B 15 [X 1) (44.52%~61.08%) ANTE 70%~143%
Ta B P, AUCoo4 X 0 EEAA 1) 90% B 15 X [1]
(51.35%~54.2%)ANTE 80%~125% TG, tmax(D)E
BRI P<0.05. Kk, WRIEKAHHIZIRA M
Xf BRI RIS BB A
3 g

Toi1® BCS 732U, WRZEK F A H AV
Wk ZEK B 4-G-2- M R - S-E IE  E R HRR, #)
WORT K, BT w750, HAh— Lt 5 &
N WRZEK AR 40 mg, MREKIEME A
0.0l mg-mL™", J&TF 55/, pKaftiHN 3.9, LogP fi
9 0.74, CLogP 1N 1.9, %8 LogP fHM2EXK A
N BCS IV, M8 CLogP {2k 4 BCS 11
Pl WHO H g SR N3, X F&4F BCS
T IEVE LGP Lo R SS R TR 24 0, T e Hobr o &
£ 250 mL, pH 6.8 NZZr il 58 & fE, 7l LAME
NIE AP ER AT AR, XL E A E
¥ 20 mg MIRRFEK Frs BARB]E R, N E M
FEK 255 B 40 mg, AR DAL R HESE,
TR AR N B P RAF Y 400 mL, >250 mL,
BTl WHO (3682, PRFER &8 TR VA Al 14 -1
BIEMER) BCS IV, JAEY R H E (bioavailability,
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BA)REAR R, AHedmisal. RE%E WHO
Ta S JE N, [N AR IR R E K R Y At R LIS 2
% bk BE HIRTHE 561, A0 745 R BRIRZEK i BA
ZEMER, ANEAEDE .

WRIEK R AME I 2 5 HAR N BE AT B
RN T A1) 700 2 52 Ko 0 24 P i ) R R K
i, 2 SR A AR O W R 2 s AR, R
FE A 7)) A A I 24 0 B2 ) v T A2 i ) s A B
B E, Sl BA BB ARG, S2il5 5 5]
(1) BE Aol &5 5L B B AN —, i B 42 B o [ 24 3 07 9%
T B R ZEK 29 HEE, ASRe B BE F il
Z P AR ZEK Fr AR N AN R A — 8, — = 1E
NEVE W FE T e S 25 1WA ) B A R X T 2
K, s me H ST IR 25 R e DR VA AR L AR 2
WA FRL RN 22 R, 33 IVIVC 5l
MZER K R ZWILE B Wi o) i B 3 v
VA ARIE, FRAERAR AN BRI R E “ IRl 2%
7 TEEAT, ATREME LTI IVIVC.

W ST 73 H R B A ) S B E I E A BR . AR
523l 351 25 AN B 8] 9 10 24 9 B B SR A T % HE A
A, B 2 AR e B ETS L. 2
Wagner-Nelson HJW U E 7r Bt 5, 8T
0-1 5 0-oofft ZI 25 26 T AR B EUAE B 40 3, 22
— AR XS 25 SR o TR R AUC 04 7252 101
FIHIR, B BRHI T AUC)tHECK, RZ IR,
Rl 259 B W o Bope P, BEAH RS
Xof A1) 70 1R 2 ) o R U RO 4> #0/E N BE 4R
BB =AM 5, B4 E — € I SR FITE

Wk FE K s HB I 24 9 B2 JF AR B bk i o AN )
J 7oA PR R K ] Be 22 AN R I 2507
A 259 BEAK S, 2835 DA, TR ZE KV i
T2, B DL N 2 E LA & 3R 3T 0T IA 3
(R 27 1 1 24 9 B /K~ Rk 3, ANATRUE H BARR
FERKWE H BB AR 22 | 34 21 1) if 24 % 2 8 v R 4 o
Ik S KV HE BE ) R T 2 24 ) 2 R 2 AL
X, ANRERFILAAT, O T OV H R T TR
FERK I R SR AT Iadk, B4R AR
Wk ZE K AE A N )RR AT 280, A B K i
FE M B S5 A AN 7325, DT 3k 2 L8 TVIVC .

B B I AE T e S AT R
5550
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