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Methods for Pharmacodynamic Analysis and Proposed Protocols
for Bioequivalence Study of Acarbose
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Abstract — Arcabose is a competitive inhibitor of the intestinal o-glucosidases and reduces the postprandial digestion and
absorption of carbohydrate and disaccharides. Due to its negligible oral absorption, measuring drug concentration in the
plasma is impractical. Thus, the common pharmacokinetic study is not available to determine the bioequivalence of the
generic acarbose preparations. The aim of this study is the establishment of pharmacodynamic assessment method for the
hioequivalence test of the generic acarbose preparations. Placebo-controlled cross-over (3X3) clinical study was conducted
in 23 healthy volunteers. Volunteers received a single oral dose of placebo, reference drug (Glucoby® 100 mg, Lot # D043)
or test drug (Glucoby 100 mg, Lot # E005) just before breakfast, then blood samples for evaluation of serum glucose and
insulin levels were taken during for 4 hours. C,,,, AUCq 5, AUCg 4, ACp, AAUC , and AAUC, 4 of the postprandial plasma
glucose level significantly decreased when a single dose of acarbose 100 mg preparations was administered. However, any
significant difference was not detected between the groups taken the reference drug and the test drug. These results pro-
posed that the pharmacodynamic protocols of this study is suitable to use for bioequivalence test of acarbose preparations.
On the basis of the results of this study and the data of literature on this subject, the standard protocols of bioequivalence

study of acarbose preparation are proposed.
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o A58 A) - BUN, creatinine, total protein, albumin,
sGOT, sGPT, total bilirubin, fasting blood sugar, total chol-
esterol, alkaline phophatase, glucose tolerance test

» 3= 7 A} : specific gravity, colour, pH, glucose, albumin,
bilirubin, WBC, RBC, p-HCG(d 2] 7Z-9)
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Fig. 1 - Effects of acarbose preparation on the postprandial plasma
glucose levels in healthy Korean volunteers. Each value
represents the mean=S.D. Reference drug: Glucoby®
100 mg, Lot # D043, Test drug: Glucoby® 100 mg, Lot #

E005.
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Fig. 2 - Effects of acarbose preparation on the postprandial plasma
insulin levels in healthy Korean volunteers. Each value
represents the mean+S.D. Reference drug: Glucoby®
100 mg, Lot # D043, Test drug: Glucoby® 100 mg, Lot #
E005.

2399 AFL 2294234, AL 1723+44cm, AFLS
69.1+5.5 kg, A A FA=(BMIDE 23.3+1.4 kg/m®| it 2} 7
Prlol| Al FF8R1A 100 mgs Fo8 T T3 Alzhd 93
% glucose?] F5E+ Fig. 1, insulin®) F%= Fig. 20 Veh)
At

2% EF glucose?] C = FoRr, tizokr, Algekre) 7t
TEZ 74z}, i 1585+26.0 mg/d, 1355+18.2 mg/dl, 131.7+
153 mg/dio1 1o, tizokr ) Algokre Fofre] nidto] A
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Table I -Individual data of the effects of acarbose preparations on
the postprandial serum glucose levels

Table II - Individual data of the effects of acarbose preparations on
the postprandial serum insulin levels

Placebo Reference drug  Test drug Placebo Reference drug  Test drug
Cpay (mg/dD) 1585+26.0 1355+182* 131.7+£15.3* Coax (MU/D) 118.5£52.7 84.4+49.3* 72.3+32.5*
AUC,, (mghr/d) 250.1+382  221.9+27.2**  218.1+21.9%* AUC,, (WUhr/d)) 149.0£686  103.6£58.0%*  89.5+42.6**
AUCy, (mghr/dl) 449.6+489  414.3+47.2% 410.4+35.2%* AUCy, (WUhr/d) 244.0+1105 1769%97.9%  1561.6+74.4**
AUC,, (mghr/d)) 1995+185  192.4+24.1 192.3+18.2 AUC,, (uIUhr/d) 125.5+60.7 92.5+53.7 79.3+44.9
AC,,. (mg/dl) 76.0+26.4 53.7£17.6%* 49.7£13.9%%* AC . (IU/D 110.1+515 76.7+48.1* 64.3+£30.0%%*
AAUC , (mg-hr/d)) 85.1+40.0 57.0+253** 56.1+£20.4%* AAUC,,, (nIUhr/df) 131.9+67.2 87.2+55.9* 72.5+38.9%%*
AAUC 4 (mghr/d) 119.5+58.0 84.5+43.8* 85.6+33.0* AAUC, , (WUhr/d)) 209.8+£107.1  1442+935%  118.6+66.7**
AAUC,, (mg'hr/d)) 345264 27.5+23.0 29.4+18.1 AAUC, , (IUhr/dl) 77.9+45.7 56.9+40.0 46.0+31.8**
Trax () 0.72+0.16 1.07+0.32 1.01+0.32 T (D) 0.88+0.32 1.25+0.48 1.04+0.30

Each value represents the mean+=8.D

Ciax: Maximum concentration of plasma glucose after breakfast,
AUC: area under the plasma concentration-time curve of glucose
after breakfast, AC  : maximum changes in concentration of
plasma glucose after breakfast, AAUC: area under the changes in
concentration of plasma glucose-time curve after breakfast, T
time to reach the maximum concentration.

*P<0.05, **P<0.01, ***P<(.001 vs placebo.

max*

3 "= glucose 55 TP S8 M 1HAB T, iReEE
AR Alololl= felsk Aol7t glSint. A% EF glucose
9] AUC = Fokr, tizokr, Algekre] 7+ vz 7kt 3
 250.1+38.2 mg/dihr, 221.9+27.2 mg/dl-hr, 218.1+21.9 mg/
drhrolgl o, AUC, &= Fokt, dizehs, Aokt 7 ¥
2 7k}, e 449.6+48.9 mg/dihr, 414.3+47.2 mg/dihr, 4104+
35.2 mg/drhrol k. A% 5 glucose?] AUC, 8 AUC,, &
T ORCRI I AJRok o] ok H)glo] {28k w4
A5 Yehfiglom | dizeekry} Algely Alololli §-25t xjo)
7F ATk vk AAF 2412 3RE 4N 7R 9 B
glucose AUC, = Fokr, thaokr 3 Algokrttel #-2J% At
o7} ATt SFEFoIH FEAIL BF glucosed] FE(INA E

Each value represents the mean=8.D.

Cpax Maximum concentration of plasma insulin after breakfast,
AUC: area under the plasma concentration-time curve of insulin
after breakfast, AC,,,: maximum changes in concentration of
plasma insulin after breakfast, AAUC: area under the changes in
concentration of plasma insulin-time curve after breakfast, T :
time to reach the maximum concentration.

*P<0.05, **P<0.01, ***P<0.001.

% glucoseXNE FAT 2F HF gucose T AC,,.,
AAUC,,, AAUC,,, AAUC, , 5% 71485 glucoselE FAI5}
2] kel 2 ATE Jeh2{tH(Table D).

Insulin® C, = ¥k, 2oke, Agekre 7 Pz
z}z}, 4 118.5+52.7 wU/ml, 84.4%49.3 piU/ml, 72.3+32.5
plU/mio| R o, thzolrt o Alerr-S okl vlste] 25
&% insulin ¥%°] T7PF foletAl SIS, thaekrat Al
okt Alolefi= 525 2po)7} itk Insulin®] AUC, &=
ok thZeky, Algekre] 7 i E 27, et 149.0+68.6
WIU/mihr, 103.6:£58.0 plU/mihr, 89.5+42.6 plU/ml*hro] 9109
AUC, = FoFs, ek, Alekre] 7t wds 42} He
244.0+1105 plU/mlihr,  176.9+97.9 ylU/mlhr,  151.6+74.4

Table III - Comparison between the study periods in postprandial serum glucose level

C dl
— P (m.g/ ) —— One way ANOVA
1% Period 2" Period 3" Period
Placebo 154.5+13.7 (8) 163.3+38.6 (7) 158.4+24.7 (8) N.S.
Reference drug 126.9+£17.9 (8) 141.6+13.9 (8) 138.3+21.4 (7) N.S.
Test drug 126.4+15.3 (7) 132.8+16.1 (8) 135.4+15.2 (8) N.S.
AUC,. “hr/d/
—— odz (mg ) — One way ANOVA
1% Period 2™ Period 3% Period
Placebo 246.4+21.3 (8) 257.7+60.8 (7) 247.3+29.9 (8) N.S.
Reference drug 209.0+23.4 (8) 2285+26.4 (8) 229.1+30.1 (7) N.S.
Test drug 213.3+23.8 (7) 216.6+25.7 (8) 223.7+x17.3 (8) N.S.
AUC,. “hr/d]
—— O; (mg ) mpE—— One way ANOVA
1% Period 2" Period 3 Period
Placebo 446.0£22.6 (8) 453.2+78.0 (7) 450.2+419 ) N.S.
Reference drug 393.9+40.5 (8) 423.6%+51.8 (8) 426.9+47.8 (7) N.S.
Test drug 403.4+34.7 (1) 405.5+43.3 (8) 421.4%27.7 (8) N.S.

Each value represents the mean=+S.D. Numbers in parenthesis are the number of volunteers.

N.S. : non-significant,
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Table IV — Comparison between the study periods in postprandial serum insulin level

C TU/ml
max (WIU/mD — One way ANOVA
1% Period 2™ Period 3" Period
Placebo 1567.0+92.3 (8) 128.6+44.3 (7) 158.8+63.3 (8) N.S.
Reference drug 96.2+£56.3 (8) 122.5+75.3 (8) 90.5+35.7 (7) N.S.
Test drug 62.8+22.8 (7) 95.5+47.6 (8) 106.9+43.4 (8) N.S.
AUC “hr/m/
02 (WIUhr/m) R One way ANOVA
1% Period 2™ Period + 3" Period
Placebo 124.0+70.0 (8) 102.7+£42.2 (7) 126.8+43.9 (8) N.S.
Reference drug 85.9+58.0 (8) 96.4+56.8 (8) 69.2+27.6 (7) N.S.
Test drug 514+23.9 () 75.8+33.1 (8) 87.0+32.2 (8) NS.
AUC TU-hr/ml
— o (uIUh/nd) S One way ANOVA
1% Period 2" Period 3™ Period
Placebo 261.9+134.6 (8) 215.6+75.8 (7) 251.1+118.8 (8) N.S.
Reference drug 160.0+100.3 (8) 208.6+123.9 (8) 160.1+£58.8 (7) N.S.
Test drug 114.6£55.1 (7) 153.9+£77.6 (8) 181.6+80.0 (8) N.S.

Each value represents the mean=S.D. Numbers in parenthesis are the number of volunteers.

N.S. : non-significant.

wlU/mihro] ${e}. Insulin®] AUC, 8} AUC,, =5 tizokrst
AlgokTo] Fokrel Hlgl] folahA ZAE RS eI
om, tiZzektE) Aok AlolollE fold Afol7t qiieh 1
2Lk AAL 2417 7 A7 $7H4)2) EF insulin AUC, &
Fokr, tizekdt 9 A|gekrztel f-23 o7t Qi) =
Fo4d FEAY 9% insulin® FEC)A nsulinx)E FASH
21% 83 insulin 52 AC,,, AAUC,,, AAUC,, &5 714
T glucoser & TABHA W3S wie} e AFE Hehdiad
CHTable ).

215 8% glucose?] T, FobT, tlzeh, Aokl 7t
THZ 712} 0.72+0.03, 1.07+0.07, 1.01+0.077710]% 1 (Table
D, 2% 8% insulin® T, = ZhrdE 217} 0.88+0.07, 125+
0.10, 1.04+0.06A17k22 o|TH(Table II). 215 E% glucoset
insulin®] C,,., AUCy,¢} AUC,, &5 F-okra} thxoks 9 A
Hobat Atolef] BAISH o2 {25t xjo7} SISl o, ok
I} AIFRT Apolelli= A 02 {23 Zjol7t I2ith(Table
L, 1.

P A7E EES TR 3T0R UL IR AlEE
st om, 2b 717F A1 AR 9] Aol (carry-over effect)”}
AE7HE BEsklE, 8% glucosed}t insulin®] C,., AUC,,
9} AUC,, ZRelA 370 A1871E 7he] §-208k xjo)7} 9o] 1
FUIRY FeithE Za AlES I3 o carry-over effect

o Sl Ae® FEEHK(Table I, IV).
o E

Pseudo-tetrasaccharideS! arcabose= A~3He] AlR el mHoflA
a-glucosidases A2 02 AAslo] HHe S2EF2] w3}

£} o|gFe] Bl AdAA AF EF glucoses} insulin®]
Asg AaAg)e Gt XgAloleh Y 7 viEgni AFHshe
FA10] 87} I thEy) wiitel gr3lEe] SR el

e 27k Y& 4 Slof acarbose®] OFHEA Hrprt Aol
B F glov B FA 07 FR= F=RlellA] acarbose?] oF

gk it Haug vh Qelvh 2eja ARl § dalze
2 EyA] gu 9Tl =4F o7 ZE3= acarbose
AA 2] BEHE5A Al disto] s FAF o2 Hud
up ek webd 2 Aol il g=RlolA acarbose®] ¥ st
2 F7PAE Setal oFshE WP o] 83 AT
4 AEHE ArBkaAt sksict.

Acarboset= B3] WFRES] EElE AAlste] A% &
o] FFE AN oFEClEE acarbose FOIA AAHE FSt
o AFHsh= &rslEe] 573 2 acarbose?] oFgslol] oJgk
< E 7 ok A AA oF 400 keals FFSIGE A 2
Aol 820 keals: 3151 WET} acarbose?] oFHEHE &
W7} @ASHA w)ekehAl vebdS #aste] acarbose] oFeet
A ats fEs] slls AEe) BeslkE adol 8%
< AT

2 Q7oA acarbose 100 mge 13 Bojdt & 4X7F A3
7HA)e] 2% dZF glucose &5 AAAE-S A=, AL
T 452elA IAZE BIHA] 85 glucose o] Hugel B
S oF 4AIZE ATA| FEAY] FEOR IEEE R 2
F glucose level?] AUC,,7}F kol Hlato] acarbose b
ol 242k oF 11.2% (RS} 12.8% M H ) F2stAl 4
&8 dhd e, 23 EF glucose level®] AUC, = FFT 7
acarbose TR A W% AR 02 VRt acarbosed)
oFelehal gah(Rkrshe walAIZ )= oFe Fol § 2471 o]
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Acarbose #|AH|8] BESH TG ad A4 AP
£ Pgab) fl8le] f2l/dE 0.05, statistical powerS 0.8% 3}
I ek dixzeke] EC,, % AUC 8] S X&E nfgo=®
AcaStat statistical software(ver 5.0.105)5 ©]&3}o] 74
sample sizeE 2+&3H A9} EC, S AUC, o thdt A4 13
A= A2 4083 608 ©]Qth(Table V). mHebA] acarbose #)
Aol A2 TS A%t FAPAEE 609 o)de] AAsitt
A cl=

& AT9) oA G ANE WO acarboseA A o] A
ETATSAAEE ofeliel 2ol Attt
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ESHANY FEZRES
FrEA ot B0 Bkt

Table V - Calculated minimum sample size

P eter o 1-p leference SD. memum
In means sample size

EC. .« 005 038 23.0 26.0 40

AUC,, 005 038 35.3 48.9 60
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Table VI - Dosing protocol for bioequivalence test of acarbose preparation
G Vol Period
TOU| olunteer
P 1 I it
1 Al, A2, A3, A4, A5 Placebo Reference drug Test drug
2 B1, B2, B3, B4, B5 Placebo Test drug Reference drug
3 C1, C2, C3, C4, C5 Reference drug Placebo Test drug
4 D1, D2, D3, D4, D5 Test drug Placebo Reference drug
5 El, E2, E3, E4, E5 Reference drug Test drug Placebo
6 F1, F2, F3, F4, F5 Test drug Reference drug Placebo

Vol. 51, No. 6, 2007



446 s - FEE - 0%

AAUC, y= BPARFO 28131 AUCy, Ty AAUC, &= F3A}
gro g 3t a8)3 4% €% insulin 352 W3l acarbose
o] ARl Zgo] offe} A% FF glucose FES| Wstol wh
£ 233 Wigleln g A% dF insulin 52 EC,,,, AUC),,
AUCy,, T, AEC,,. AAUC,,, AAUC, = FTXZ 3t}

INERET

B A4 AEoekEebdig e 1405132854210 % 5
EEL T

#n28

1) Rocke, D. M. : On testing for bioequivalence. Biometrics 40,
225 (1984).

2) Guidance for Industry: Bioavailability and Bioequivalence
Studies for Orally Administered Drug Products - General
Considerations, US FDA (2003).

3) Tanguay, M. : Challenges in bicequivalence-A regulatory &
scientific perspective. http:/www.sfbci.com/sfbc/upload/stbe/
Generateur/MarioTanguay.pdf (2004).

4) Lebovitz, H. E. : a-Glucosidase inhibitors as agents in the
treatment of diabetes. Diabetes Revs. 6, 132 (1998).

5) Krentz, A. and Bailey, C. J. : Oral antidiabetic agents. Drugs 65,
385 (2005).

6) Holman, R. R, Cull, C. A. and Turner, R. C. : A randomised

double-blind trial of acarbose in type 2 diabetes shows
improced glycemic control over 3 years. Diabetes Care 22, 960
(1999).

7) Vichayanrat, A., Ploybutr, S., Tunlakit, M. and Watanakejorn,
P : Efficacy and safety of voglibose in comparison with
acarbose in type 2 diabetic patients. Diabetes Res. Clin. Practice
55, 99 (2002).

8) Lin, B.J., Wu, H. P, Huang, H. S., Huarng, J., Sison, A., Abdul
Kadir, D. K., Cho, C. G. and Sridama, W. : Efficacy and
tolerability of acarbose in Asia patients with type 2 diabetes
inadequately controlled with diet and sulfonylureas. J. Diabetes
Complications 17, 179 (2003).

9) Rachmani, R., Bar-Dayan, Y., Ronen, Z., Levi, Z., Slavachevsky,
1. and Ravid, M. : The effect of acarbose on insulin resistance
in obese hypertensive subjects with normal glucose tolerance:
a randomized controlled study. Diabetes QObes. Metab. 6, 63
(2004).

10) Kageyama, S., Nakamichi, N., Sekino, H. and Nakano, S. :
Comparison of the effects of acarbose and voglibose in healthy
sunjects. Clin. Ther 19, 720 (1997).

11) Balfour, J. A. and McTavish, D. : Acarbose. An update of its
pharmacology and therapeutic use in diabetes mellitus. Drugs
46, 1025 (1993).

12) Nolte, M. S. and Karam, J. H. : Pancreatic hormones &
antidiabetic drugs, p. 700. In Katzung, B. G. (ed.), Basic and
Clinical Pharmacology, 10th ed., McGraw-Hill, Boston (2007).

J. Pharm. Soc. Korea



