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Bioequivalence of Benipine Tablet to Codipine Tablet
(Benidipine Hydrochloride 4 mg)

Wan-Su Park, Sung-Hee Cho, Heon-Woo Lee, Ho-Taek Im, Jae-Hwan Rew*,
Mi-Jin Lee**, Dong-Hyun Kim** and Kyung-Tae Lee'
College of Pharmacy and *Medical Center, Kyung Hee University, Seoul 130-701, Korea
**Bioanalysis and Biotransformation Research Center, KIST, Seoul 130-650, Korea
(Received April 9, 2005 - Accepted May 3, 2005)

ABSTRACT - The purpose of the present study was designed to evaluate the bioequivalence of two benidipine hydro-
chloride tablets, Codipine (Youngjin Pharm. Co., Ltd.) and Benipine (Myungmoon Pharm. Co., Ltd.), according to the
guidelines of Korea Food and Drug Administration (KFDA). Twenty-four normal male volunteers, 23.00+1.82 year in age
and 70.08+9.59 kg in body weight, were divided into two groups and a randomized 2x2 cross-over study was employed.
After two tablets containing 4 mg of benidipine hydrochloride were orally administered, blood was taken at predetermined
time intervals and concentrations of benidipine in plasma were determined using LC-MS/MS. Pharmacokinetic parameters
such as AUC,, Cynax and Ty, were calculated and ANOVA test was utilized for the statistical analysis of the parameters using
logarithmically transformed AUC; and C,,... There were no sequence effects between two formulations in these parameters.
The 90% confidence intervals for the log transformed data were acceptance range of log0.8 to logl.25 (e.g., logl.04~logl.24
and log0.91~logl1.09 for AUC, and C,,,,, respectively). The major parameters, AUC, and C,,, met the criteria of KDFA
for bioequivalence indicating that Benipine tablet is bioequivalent to Codipine tablet.

Key words — Benidipine, Codipine, Benipine, Bioequivalence, LC-MS/MS
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Figure 1-Product ion mass spectra of (A) benidipine and (B) nifedipine (internal standard) with each protonated moleculae [M+H]" as pre-

cursor ion.

SR, ol2ss E|RoleixyolE o8-8 electrospray
ionization(ESIyS- 3t51.2.™, nebulizing gas®} turbospray gas,
3L curtain gast AAVEAE ARSI T MRM mode
£ ol wiuriea} WEEFEZE Wt (nifedipine)2]
AEL A7) miz 5063 347¢] FashE EAto] g AE3)
Fon, AdE product ionS m/z 1749} 2542 FUE|HE}
S tH(Figure 1).

Ay 2FF 1mg2 tiv) 2 Z A = (dimethyl
sulfoxide; DMSO)l| o WUt 24 1000 pg/mlE TF
© 5 W HAANT I, o] S WE BASW 8%
o2 3Mste] Mivride] 84 F =7t 247 0.1, 02,
0.5, 1.0, 2.0, 5.0 & 100ngm¥ EH=ZE ZIHE XF
NS WEIT Azt BEEY 10m1°ﬂ WREEER
2 YsdE (S ug/ml) 10 piE 713 F 50 AUk
o:]y] ] 500 “19] 50 mM ﬁ_E'-_}\]- oLD‘;.-g i—l7]-—5]-_L 5m1—4
Aelg 7klA 127 5 F53 the 3,000 pmolA] 10
2 QAR 77180158 FHele gl &7

OHe 40°C A7)
mM ZEEAF oh:r

StollA] FAAIAA ZARE 30 pid] 5

A= (pH 4.0):90% S EVEH=
60:40(v/v)2 2 wolA] 30x7F s, ©] F 15 plE FHst
o] LC-MS/MSe| F9iaksint. ai7]ela 22 WREEE4
o] wjo]a WAe) thgk wWiur|He] o]a AAH|E ol
ARG AAsigen kg Age s Aldisked duy
AHE F8al Aate] 5A97F PSS ste] Y7 A

A& stk
S, EAAIES] B2 WX HHARNE 4 AZPHE
A s Gsh 70°Ce] RAPH A EE Ao WA}
f;_ﬂxg Omis sk

ml) 10 ul‘—g‘ 7k 3 A7) A e %f‘& FEHo| u
2} FE3l dojzl ARnEIYC ZRE
ol WA gk HiUr|He| Hol=2 ™
2 ZAE A o) ¥ AR
mhE A=)

J. Kor. Pharm. Sci., Vol. 35, No. 3(2005)



BRI - 248 - ol -

190 A3

BT EN malo|Ee 24

“Aud g L e Z g zhzh 2894 2499 x9#
ANA 2 WA we wAAFEY wel AT T
dL 7} AR EF F FETEAI FHo2HE oFF
£ 2% e AUC, Chax R Tame 781501, ©]
T AFAA 22y 42 g BEFHFTFTANE BAA
| Z23#Q K-BE TestE ©]&31d F24F (00)=0.05
A EAHEAS AABIAR, Al F kg o] IAIE A
A TSN E7NE AR R IA Al 2002-602,
2002. 11. 22)%] Wby AUCSH Cpw®l HWESFHETA
AR-E Brisiach

=
=
=

2 u

=1}
=

=

da s
8% F Hicimel g2
77 49 dx8ds dzg 3] WEEEERS WY
HaE A 71e A 2 WutE ZA Bo F Az
=+ AlEdel weh LC-MS/MSE #4351 A& =
ErHETR2 Figure 20 JERAICE Wiut]®d do|39] &

2
A)
20 Benidipine
4
o
‘g 20
E
10 ;
s My !
T U R
O Sl I A N
0 [ O )
Time. min
4,00 (B)
Benidipine
g 3.0e*
.é' 2.35
g 2.00*
E
1.0e*
a8 134 4 ¥ - i &
Time, min
1.2¢° (C)
1.0e¢ Benidipine
a8
© 8000 235
2 ‘
2 5000
2 H
= 40004
2000
[ S SRS | S—
[] % 8 ] 3% 42 43

Time, min

€ .
2

4
2
g
)
3
=
Y
ot
:

AAZHE F 238, WFEEEZ volae] FAANS o
2480 em FHzA0A Hyyd B REEEEL 7]
B EES & BEEin

AzvtEadAdolA A Z-EH|(S/N ratio)s 10 ©}4
o= st du 9 Iz AL € AFAEE 20% vFeE
39S wf FHAA A (LLOQ, lower limit of quantitation)
£ 0.1 ng/mlo)R o™ (Table I), 3 ANEE2HE 73 Wy

Table I-Precision and Accuracy for the Determination of
Benidipine in Human Plasma

Concentration Precision C.V. (%) Accuracy
(ng/ml) Inter-day (n=5) Intra-day (n=5) (%, n=5)

0.1 11.89 8.05 103.69

0.2 5.51 12.73 101.13

0.5 7.12 7.99 95.56

1.0 8.99 10.00 93.19

2.0 7.92 12.05 105.79

5.0 9.03 13.76 99.79

10.0 6.90 6.39 92.24

C.V.(Coefficient of Variation)=(S.D./mean)x 100
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Figure 2—-Chromatograms of (A) blank human plasma, (B) plasma spiked with benidipine (10.0 ng/ml) and internal standard (IS, nifedipine
50 ng/ml) and (C) plasma from a volunteer 2.5 hr after oral administration of 8 mg benidipine tablets (The plasma concentration of benidipine

correspond to 2.29 ng/ml).
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Table; JII—Bioavilability Parameters for Each Volunteer Obtained after Oral Administration of Benipine and Codipine Tablets at the

Benidipine Hydrochloride Dose of 8 mg

Codipine Tablet Benipine Tablet
Volunteer  AUC, Ln Conas Ln Tiax AUC, Ln Conax Ln Tinax
(ng - hyml)  AUC, (ng/ml) Crnax (hr)  (ng- he/ml)  AUC, (ng/ml) Cinax (hr)
A-1 5.20 0.72 5.65 0.75 0.75 5.51 0.74 4.61 0.66 0.75
A-2 13.07 1.12 7.92 0.90 0.50 7.89 0.90 9.19 0.96 0.50
A-3 593 0.77 2.97 0.47 0.75 6.72 0.83 2.73 0.44 0.50
A-4 3.34 0.52 2.80 0.45 1.00 3.04 0.48 2.55 0.41 1.00
A-5 3.26 0.51 2.66 043 0.75 4.98 0.70 2.62 0.42 0.75
A-6 3.83 0.58 3.33 0.52 0.75 2.93 0.47 2.51 0.40 1.00
A-7 8.25 0.92 6.80 0.83 0.75 9.51 0.98 7.70 0.89 0.75
A-8 8.17 091 7.20 0.86 0.50 7.64 0.88 7.15 0.85 0.50
A-9 9.26 0.97 6.54 0.82 0.50 10.96 1.04 6.66 0.82 0.50
A-10 5.99 0.78 4.19 0.62 0.75 6.11 0.79 4.46 0.65 0.75
A-11 5.37 0.73 3.79 0.58 0.75 4.69 0.67 4.26 0.63 0.50
A-12 5.47 0.74 347 0.54 1.00 6.62 0.82 5.60 0.75 0.75
B-1 7.66 0.88 6.17 0.79 0.75 7.90 0.90 5.54 0.74 0.50
B-2 5.80 0.76 476 0.68 0.50 9.02 0.96 6.95 0.84 0.50
B-3 5.37 0.73 3.56 0.55 0.50 6.78 0.83 4.91 0.69 0.50
B-4 4.56 0.66 5.00 0.70 0.50 10.21 1.01 5.86 0.77 0.75
B-5 3.10 0.49 3.02 0.48 0.50 3.58 0.55 2.53 0.40 0.50
B-6 2.90 0.46 3.13 0.50 0.75 4.02 0.60 3.69 0.57 0.50
B-7 7.52 0.88 4.87 0.69 0.50 8.07 0.91 4.95 0.70 0.50
B-8 3.29 0.52 3.75 0.57 0.75 4.85 0.69 2.28 0.36 0.75
B-9 952 0.98 9.77 0.99 0.50 7.64 0.88 7.04 0.85 0.75
B-10 3.10 049 349 0.54 0.50 5.10 0.71 2.14 0.33 1.00
B-11 2.58 0.41 1.83 0.26 0.50 3.68 0.57 2.60 0.42 0.5
B-12 7.76 0.89 4.89 0.69 0.50 7.16 0.86 4.38 0.64 0.5
Mean 5.85 0.73 4.65 0.63 0.65 6.44 0.78 4.71 0.63 0.65
(S.D.) 2.63 0.19 1.93 0.17 0.16 2.26 0.16 2.01 0.19 0.18
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Table III-Statistical Resulfs of Bioequivalence Evaluation
between Two Benidipine Tablets

Bioavailability Parameters (=0.05)

AUC, Crax
Difference 10.09% 1.29%
F value? 0.32 0.27
Test/Reference point estimate 1.14 1.00
Confidence interval 1.04<8<124  091<8<1.09

*The AUC, and C,,, values were obtained from log transformed data.
IF(1,22)=4.301
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