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Abstract — The bioequivalence of two nilvadipine products was evaluated in 16 normal male volunteers (age
22-32 yr, body weight 57-80 kg) following sigle oral dose. Test product was Overcal® tablet (Choong-Wae
Pharm. Corp., Korea) and reference product was Nivadil® tablet (Hyundai Pharm. Corp., Korea). Both
products contain 4 mg of nilvadipine. One tablet of the test or the reference product was administered to the
volunteers, respectively, by randomized two period cross-over study (2X2 Latin square method). The
determination of nilvadipine was accomplished using a validated capillary column GC with electron-capture
detection. As a result of the assay validation, the quantification of nilvadipine in human plasma by this
technique was possible down to 0.5 ng/ml using 1 ml of plasma. Absolute overall recovery from five replicate
analyses of nilvadipine-spiked sample were 88.4+10.24% (mean+S.D.) for human plasma of 10 ng/ml. The
coefficients of variation (C.V.) were less than 20% and the actual concentration of nilvadipine measured by
GC ranged from 80 to 99% in all plasma. Average drug concentrations at each sampling time and
pharmacokinetic parameters calculated were not significantly different between two products (p>0.05); the
area under the curve from time zero to 8 hr (AUCy_sn) (22.8£5.90 vs 22.2+6.10 ng - hr/ml), maximum
plasma concentration (C,,) (10.0+£2.85 vs 93+3.28 ng/ml) and time 1o reach maximum plasma
concentration (Tn,,) (1.240.31 vs 1.3+0.47 hr). The differences of mean AUC_gn, Cua and Tna between
the two products (2.25, 7.65, and 10.30%, respectively) were less than 20%. The power (1-B) and treatment
difference (A) for AUC; g, and Cmax were more than 0.8 and less than 0.2, respectively. Although the
power for Tmax was under 0.8, T,.. of the two products was not significantly different from each other (p=0.
05). These results suggest that the bioavailability of Overcal tablet is not significantly different from that of
Nivadil tablet. Therefore, two products are bioequivalent based on the current results.
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Table L Informations and the results of physical examinations of sixteen volunteers
Subject Age Height Weight HT* RBC* GOT* GPT* Glucose CHOL*  TpP* ALB* BP*
No. (cm)  (kg) (%)  (@d) AU (IU) (ogdl) (mg/d) (g%)  (g%) (mmHg)
NR*™** 41-53 13-18 8-40 5-35 70-105 130-230 6.8-8.0 3.3-52 =140/90
1 22 170 63 46 15.1 13 14 101 130 7.6 3.9 100/60
2 22 175 - 63 49 15.9 16 14 75 172 74 4.0 110/80
3 28 179 75 47 15.6 20 19 92 168 7.2 38 110/70
4 22 166 62 46 154 18 20 76 178 7.8 4.0 130/90
5 29 164 57 45 15.0 12 14 96 171 7.7 3.9 130/90
6 30 170 63 46 152 14 10 76 263 7.5 3.7 140/90
7 32 168 67 45 15.0 20 19 74 146 7.2 3.6 110/70
8 24 178 75 44 14.6 13 17 99 147 7.6 4.0 120/80
9 27 170 64 51 16.5 20 32 82 184 7.6 4.1 130/90
10 30 167 67 46 153 18 15 79 163 7.6 4.0 120/80
11 27 168 61 49 16.5 18 15 80 189 8.1 44 110/60
12 27 181 80 48 16.0 20 19 75 167 7.8 4.1 120/80
13 26 178 75 46 15.5 18 15 84 181 7.5 4.0 100/60
14 .25 176 72 48 16.0 13 14 88 189 8.0 4.0 110/80
15 27 183 73 47 15.9 14 12 96 154 NG 38 130/100
16 25 172 64 44 14.7 32 14 98 162 7.8 4.0 130/80

*Abbreviations: HT (hematocrit), RBC (red blood cell), GOT (glutamic oxalacetic transaminase), GPT (glutamic pyruvic tran-
saminase), CHOL (cholesterol), TP (total protein), ALB (albumin), NR (normal range), BP (blood pressure)
**Represents the normal range of each blood chemistry examination.
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Fig. 2. Chromatograms of plasma nilvadipine. The retention time of nilvadipine was ranging from 21 min to 23 min (A) blank
plasma, (B) plasma spiked with nilvadipine (5 ng/ml), (C) plasma obtained from a volunteer.
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Fig. 3. Standard curve (A) and response factors (B) for nilvadipine. Key: (----), mean response factor +20%.

Table IX. Precision for the determination of nilvadipine con-
centration in human plasma

Table IXI. Accuracy in the determination of nilvadipine con-
centration jn human plasma

Concentration in plasma Coefficient of Variation (%) Theoretical Concentration Response faclor® Deviation

(ng/mi) (0=5) (ng/ml) (%)

0.5 12.22 0.5 3.60+0.44 6.19

1.0 12.12 1.0 3.301+0.40 2.65

2.0 12.28 2.0 3.38+0.42 0.29

3.0 14.72 3.0 4.06+0.50 19.76

30 17.19 5.0 2.94%0.51 13.27

100 14.51 10.0 3.18£0.46 6.19

20.0 1231 20.0 3.27+£0.40 3.54
Mean+8.D." 3.39+0.36 7.41
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Table IV. Plasma concentration of nilvadipine (ng/ml) after
oral administration of two nilvadipine products (milvadipine 4
mg/human) at each sampling time

Time Plasma concentration (ng/ml)
(hr) Reference drug Testing drug
0.5 4,44+294 3.244-3.38
1.0 8.70£3.46 6.76-:4.16
1.5 7.74+2.74 6.4613.31
2.0 4.79+1.52 5.9612.31
2.5 3.59x1.17 415+£1.52
3.0 2.82-4-0.81 3421114
4.0 2.19%0.69 225+0.73
6.0 1.17£0.39 1.26+0.38
8.0 0.73£0.17 0.83+0.21
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Fig. 4. Nilvadipine concentration in human plasma-time curves of sixteen volunteers after oral administration of two nilvadipine
products. Curves represent the concentration of each volunteers for (A) reference drug, (B) test drug, and (C) mean concentration
(£8.D.) of sixieen normal volunieers. Key: @, Reference drug; O, Test drug.

Table V. Statistical analysis of pharmacokinetic parameters of two nilvadipine products

AUC g (ng - hr/ml) AUC,.,, (ng - hr/mlf) Crae (ng/ml) Ty (hr)

Reference Drug 22.8--5.90 25.6+6.10 10.0+2.85 1.2+0.31
Testing Drug 22.216.10 25.5+6.69 9.31£3.28 1.3+047
t-value 0.3378 0.0704 1.3242 -1.4639

Note: All pharmacokinetic parameters were not significantly different (p=0.03).

Table VI. ANOVA table of the pharmacokinetic parameters obtained from two nilvadipine products (2 X 2 Latin square method)

Variation Sourccs df AUC G Tom

MS (F) MS ® MS (03]
Between Subjects 15 57.2581 3.28 16.2072 6.71 0.2646 423
Between Groups 1 51.7500 0.90 3.3408 0.20 0.0313 0.11
Subject/Group 14 57.6515 3.30 17.1262 7.90 0.2813 4.50
Intra Subject Variation
Period 1 31.7578 1.82 6.5161 3.70 0.0000 0.00
Drug 1 2.1614 0.12 4.7122 1.95 0.1250 2.00
Residual 14 17.4708 2.4141 0.0625 0.02

Note: Fyup (1,14)=4.3, Fuusjorsgronp (14,14)=2.35, Founoa (1,14)=4.3 and Fy, (1,14)=4.3 at =0.05 p>0.05.



294 Chong Kook Kim et al.

TableVII. Results of the bioequivalence 1est from two nilvadipine products (2 X 2 Latin square method)

AUC s, Coax Tonax
BA difference of test product from reference product 2.25% 7.65% 10.30%
Minimum detectable difference 19.3% 16.5% 21.9%
Noncentrality 3.12 3.65 2.76
Minimum subject number 8 8 9
Confidence limits of BA difference -11.47%< 4.10%< -5.30%=
<15.98% <19.40% =2581%
Bioequivalence ? Yes Yes .
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