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Bioequivalence of Ramiprin® tablet to Tritace Protect® tablet (Ramipril 10 mg)

Soo Yeon Oh, Jong Tae Cho', Hyung-Gun Kim and Yoon Gyoon Kim'

Department of Pharmacology, College of Medicine, Dankook University, Chungnam 330-714, Korea
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ABSTRACT - To evaluate the bioequivalence of two ramipril formulations, a standard 2-way randomized cross-over study
was conducted in twenty-six healthy male Korean volunteers. A single oral dose of 10 mg of test formulation Ramiprin®
(tablet) or reference formulation Tritace Protect® (tablet) was administered with one-week washout period. Plasma con-
centrations of ramipril were assayed over a period of 12 hr with a well validated method using liquid chromatography cou-
pled to tandem mass spectrometry (LC-MS/MS). The values of area under the plasma concentration-time curve, from time

~ zero to last sampling time (AUC,) and from time zero to time infinity (AUC;,) were 77.45+44.78 and 78.96+45.64 for test,
and 70.30+42.27 and 71.99+43.55 ng-hr/mL for reference formulation, respectively. Similarly, maximum concentration
(Cnax) and elimination half-life (t;,) were 65.61+19.96 ng/mL and 2.15+0.75 hr for test, and 63.63+25.50 ng/mL and
2.16£0.73 hr for reference formulations, respectively. Time to reach maximum concentration (Tp,,) for the test and the ref-
erence, were 0.51+0.22 hr and 0.5210.18 hr, respectively. The parametric 90% confidence intervals on the mean of the dif-
ferences between the two formulations (test-reference) of the log-transformed values of AUC, and C,,, were 1.03 to 1.19
and 0.98 to 1.17, respectively. The overall results indicate that the two formulations are bioequivalent and can be prescribed
interchangeably.

" Key words — Ramipril, Pharmacokinetics, Bioequivalence, LC-MS/MS
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Figure 1-Product ion mass spectrum used in MRM for ramipril (A)
and enalapril (B) determination.
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Table I-Precision and Accuracy for the Determination of
Ramipril in Human Plasma

Concentrations Precision C.V. (%) Accuracy
(ng/mL)  Intra-day (n=>5) Inter-day (n=5) (%o, n=5)
0.2 11.6 9.5 103.4
2 23 10.6 109.3
5 4.0 1.9 102.7

20 2.7 1.8 91.0
50 2.1 1.8 104.3
100 2.0 4.7 99.2
200 2.7 14 102.7

C.V. (Coefficient of variation)=100x S.D./mean
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Figure 3-Mean plasma concentration-time profile of ramipril after
oral administration of Tritace Protect® tablets ©) and Ramiprin®

tablets (@) at the dose of 10 mg of ramipril (n=26). Vertical bar rep-
resents S.D..
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Table II-Pharmacokinetic Parameters of Ramipril after a Single 10 mg Oral Dose of Two Formulations (n = 26)
Tritace Protect® tablet Ramiprin® tablet
Volunteer ~ AUC, AUC;¢ Conax Tonax te AUG, AUC;y Comax Tomax tin
(ng-hr/mL) (ng-ht/mL) (ng/mL) (hr) (hr) (ng*hr/mL) (ng*hr/mL) (ng/mL) (hr) (hr)
Al 113.47 118.09 102.32 033 4.0 134.08 143.07 116.13 0.33 43
A2 77.64 79.03 68.38 0.5 22 87.22 88.34 57.08 0.5 2.2
A3 36.24 37.43 19.96 0.75 24 3544 36.57 29.99 0.75 24
A4 20.08 20.58 26.25 0.5 0.9 19.81 20.84 28.08 ' 0.33 1.0
AS 33.82 34.78 27.89 0.75 33 48.24 48.93 40.23 0.5 22
A6 83.65 85.12 81.33 0.33 2.4 56.55 57.15 47.30 033 1.5
A7 76.45 77.28 73.19 0.5 1.7 78.08 78.65 85.25 0.33 1.5
A8 55.78 56.49 69.64 0.33 2.1 74.40 75.28 81.57 0.5 1.8
A9 57.90 58.86 74.90 0.5 1.3 69.08 69.67 72.31 0.5 1.9
Al0 58.88 59.35 58.78 0.33 1.5 59.07 59.59 67.55 0.33 2.0
All 24.69 24.69 34.52 0.33 14 26.66 30.85 45.69 0.33 3.0
Al2 71.29 72.12 108.63 0.5 1.8 68.65 70.51 67.36 0.33 2.6
Al3 49.81 50.57 49.85 0.5 2.3 51.24 51.85 53.83 0.5 2.1
B1 65.59 66.75 78.25 0.5 33 74.90 7547 57.52 0.5 1.9
B2 54.25 54.90 55.84 0.5 2.2 49.74 49.74 71.27 033 25
B3 56.45 58.29 70.80 033 23 76.29 78.11 80.95 0.33 1.6
B4 72.11 73.01 66.81 0.5 1.9 68.39 69.54 74.13 0.5 2.0
BS 47.16 50.19 42.46 0.75 34 64.32 64.97 69.79 0.5 2.0
B6 95.32 96.50 81.08 0.5 2.0 9431 95.02 86.46 033 2.0
B7 84.51 85.17 71.68 0.33 1.6 94.95 95.43 73.50 0.5 1.6
B8 51.05 52.18 48.58 0.5 24 74.58 76.95 54.92 0.75 4.2
B9 76.11 79.60 51.00 0.5 2.7 77.39 78.52 63.91 0.5 2.1
B10 236.90 24411 119.66 1 2.0 235.77 239.96 85.43 1 1.9
B11 128.40 131.08 90.58 0.75 1.6 172.86 174.68 79.93 1 1.7
Bil 37.23 37.23 47.31 0.33 1.2 73.97 75.14 76.50 0.5 2.6
B13 63.08 68.39 34.79 0.75 2.2 47.71 48.16 39.14 1 14
Mean 70.30 71.99 63.63 0.52 2.16 77.45 78.96 65.61 0.51 2.15
S.D. 4227 43.55 25.50 0.18 0.73 44.78 45.64 19.96 0.22 0.75
78.96+45.64(ng-hr/mL)E F AA ] 2]z} 9.7% Ak o AUC, AUCi Con®l Wit A3E HE {oFE

2% 9 AFHF Cp® HIFE 63.63+25.50 2 65.61
+£19.96(ng/mL)E z}o]7} 3.1% olPoH, T2 A% =z
OFzt Algleke Zbzt 0.52+0.18 2 0.51+0.22 (h)=E VERE
o} 97| (4)0] HaEghe tixeke] 2.16+0.73 (hr), AE ek
o] 2.15+0.75 (hr)°]Jrh.

HorE=oll chet SAleY na
1718} 27190 QloiA 2k 98Ae] AUC, AUCiy 2 Cona
el gk FARA 232 Table 9 YR

()=0.05¢w, =7+ oA &3 AR tigt F ghFg)el F
X g A F(l, 24)=4.260 Bt} Zo} wz} Alol
ANE o)FAHIE AT F AR A W wFoA

717PE (period effect) B89 734 BT FolHd 2olg
ERR] ekskonul, AUCSH AUC,2 7% AAE (formulation
effect) HEANA F gto]l 47 5274 2 480002 F £4
o] A 4260 Rt A U} 4232 Feolrt e
Zo = Ve

A, 2ogek WA 2k AUC, AUCip B Cradll
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Table III-Statistical Results of Bioequivalence Evaluation for
Ln-transformed AUC,, AUC,; and Cax

AUC, 10.2 3.820 1.104 1.03~1.19
AUC;¢ 9.7 3.800 1.103 1.02~1.19
Cinax 3.1 1.362 1.071 0.98~1.17

J0=0.05, F(1,24)=4.260

HE 90% AHAFAE 22 log 1.03~log 1.19, log 1.02~
log 1.19 ¥ log 0.98~log 1.172 YEh} AEIFHZEIAN
71221 log 08914 log 1.2501¢1 2A-L TRE31T}

5, F Adle 242N A% BAZHCE FoFel Ao
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o2 BAENE W F AAe ABddos 55
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