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[ Abstract] Objective To investigate the pharmacokinetics (PK) and pharmacodynamics (PD) of a rapid-acting
insulin analog—insulin aspart (the tested formulation) which was manufactured by The United Laboratories and to
evaluate the bioequiavailability to the reference formulation (NovoRapid"“) produced by Novo Nordisk in Chinese healthy
volunteers. Methods A total of 24 male healthy volunteers were recruited from February to April 2016 to participant in
this before-after, single dose, and randomized crossover study. And the experimental observation was conducted on 2 test
days respectively with a between-period from 7 to10 d. According to a random number table, the volunteers were divided
into group A or B, group A was administrated with tested insulin aspart (IAsp) for the first time and reference
NovoRapid® for the second time and group B had the revered order differed from group A. The PK/PD of these insulin
analogs were estimated by euglycemic clamp study. Results The relative biological effectiveness (reflecting gloucose-
lowing effect) and bioavailability on behalf of plasma-drug concentration were 98.3+18.8% and 97.3%+8.3% respectively.
For PK parameters, the 90% confidence interval (CI) of peak plasma insulin concentration (C,,,) and area under the curve
of insulin aspart concentration from 0 to 10 hours (AUC,y, ¢.10,) of IAsp were 88.8%-106% (equivalent range 70%-143%)
and 94.0%-100% (equivalent range 80%-125%) respectively; for PD parameters, the 90%CI of the maximum glucose
infusion rate (GIR,,,) and AUCgy .10, Were 95.5%-113% (equivalent range 70%-143%) and 89.9%-104% (equivalent range
80%-125%) respectively, which indicated that IAsp and NovoRapid® was bioequivalent. One of the subjects discovered
hyperuricemia without clinical symptoms and the rest had no clinically significant abnormalities in the safety indexes
before and after the tests. No hypoglycemic events, allergic reactions, or local injection adverse reaction occurred in this
trial. Conclusion The tested IAsp has comparable relative bioavailability to the reference NovoRapid”.
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Table1 Blood glucose and C-peptide levels in euglycemic glucose

clamps
e oy P
Baseline of BG/(mmol/L) 4.40+0.30 4.40+0.31 0.96
Clamped BG/(mmol/L) 4.44+0.14 4.45+0.14 0.85
Baseline of CP/(pmol/L) 312491 333+115 0.49
Mean postdosing CP/(pmol/L)  269+79 301+114 0.28
CVyl% 4.41+1.12 4.21+1.02 0.53

CP: C-peptide; CV: Coefficient of variation; BG: Blood glucose
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Fig 1 Time profiles of blood glucose (A) and C-peptide (B) levels in IAsp and NovoRapid” group ( n=23 )
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Fig 2 Time profiles of GIR (A) and insulin aspart levels (B) in IAsp and NovoRapid” group ( n=23 )
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Table 2 Parameters of pharmacodynamics

B ey P
T,/ min 15 (15, 15) 15 (15, 15) 0.85
GIR,,/(mg/(kg-min) ) 9.07+2.27 8.62+1.87 0.47
t-GIR,,,/min 95 (75, 105)" 100 (95,130)°  0.28
Terg, carysors/ N 36.7+6.59 40.9£10.9 0.12
Term mesors/MiN 235 (210, 279)" 253(230,287)°  0.19
AUCgp 0051/ (mg/kg) 30.0(19.3,46.2)  31.2(26.5,392)° 067
AUCgy 01/ (mg/kg) 213%72.9 188+65.4 0.22
AUCgy021/(mg/kg) 6924201 641+187 0.38
AUCgy0.41/(mg/kg) 1 463351 14514318 0.90
AUCgy 46/ (mg/kg) 1 807+428 1822+374 0.90
AUCgp 05,/ (mg/kg) 1 942+486 1977+422 0.80
AUCgy 10/ (mg/kg) 2014+526 20724461 0.69

,,,,, < Onset time; GIR,,,
Time to the GIR,

.. Maximum of glucose infusion rate; t-GIR,,,:

w5 Tair, cnysor: Time to the early 50% of GIR,,

2 Lo, tatesonst

Time to the late 50% of GIR,,.; AUC: Area under curve; *Median (P,;, P,)

*3 ZTRUFNSSLHNGRINESHILE
Table 3 Parameters of pharmacokinetics

B ey P

C,./(ng/mL) 4.26(3.10,491) " 4.43 (3.49,5.27)" 054
T,./min 40 (40, 50) 50(40,60) "  0.03
(I 19.1+4.24 21.244.73 0.12
Tiap s/ NN 143 (105,166) © 127 (112,171) " 0.81
AUCyy00si/(ng/mLimin) 455 (27.9,64.2) * 43.4(34.0,572) " 0.61
AUC, 0.,/ (ng/mL-min) 164+55.8 162+48.2 0.88
AUC,y, 0.0/ (ng/mL-min) 335+80.7 347+77.8 0.61
AUC,y, 0.1/ (ng/mL-min) 481+96.2 495+86.5 0.59
AUC,, 0.1/ (ng/mL-min) 512499.5 523+87.0 0.67
AUC,,,05/(ng/mL-min) 516+100 528+87.5 0.67
AUCy .04/ (ng/mL-min) 517+101 531+87.8 0.62
Tipgy s/ min 23.4+5.40 24.7+5.37 0.43
Tiasp s/ N 91.8(74.1,104) *  87.7(76.6,102) " 0.94
Ty 0/ min 253 (214,273) " 237(208,267)"  0.64

IAsp: Insulin aspart; C,,. Maximum concentration of IAsp; T, Time to

the C,.s
the late 50% of C,.;

Tiaspearysos: Time to the early 50% of C,,;

AUC: Area under curve; Ty, st

TIAsp, late50%-

Time to 5% of

Time to

AUC 0106 Tiasp, 502 Time to 50% of AUC 0100 Tiag, 055 Time to 95% of

AUC 01005 *Median (P, P;;)
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