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Bioequivalence of domestic and imported recombinant human insulin injections
after sc administration in Beagle dogs
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Tianjin Centre for New Drug Safety Assessment and Research, Tianjin 300301, China

Abstract: Objective To assess the pharmacokinetic and bioequivalence of two formulations of recombinant human insulin injection,
using locally manufactured Insulin R as test and Humulin R (Eli Lilly and Company) as reference. Methods Twelve Beagle dogs
were assigned into two groups in which the dogs were sc given Insulin R and Humulin R at the dose of 0.5 U/kg according to a
randomized two-phase crossover. The plasma concentration of Insulin R and Humulin R at 6 h intervals was determined using
radioimmunoassay (RIA) method with the time course of changes in blood glucose level monitored. The pharmacokinetic parameters
were calculated by DAS 3.0 software. Results Beagle dogs were treated with Insulin R and Humulin R following single sc
administration at the dose of 0.5 U/kg, and the minimum blood glucose levels (Cp,) were (1.6 = 0.4) and (1.6 £ 0.2) mmol/L, while
time to reach minimum blood glucose level (#,;,) was (1.0 = 0.5) and (1.1 % 0.6) h, respectively. The main pharmacokinetics parameters
of Insulin R and Humulin R were as follows: time to reach peak concentration (#,.c) was (0.43 = 0.21) and (0.42 + 0.09) h; peak
concentration (Cy,y) was (203.2 + 63.3) and (193.5 + 63.1) pU/mL; area under the concentration - time curve (AUC) was (281.2 +
47.5) and (266.6 £ 62.5) pU/(mL-h), respectively. The relative bioavailability for Insulin R was (109.4 £ 25.5)% compared to that for
Humulin R following single sc administration. Conclusion Test and reference drugs meet the regulatory criteria for the
pharmacokinetic equivalence, thus Insulin R and Humulin R are bioequivalent.
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1.1 SRIgdret

111 2Ry |A AR ZFHE (Insulin
R), #A% 3mL : 300U, #L5 20111202, HAEKZE
PRI A PR A w3 A A B 2 0
(JLWAFR R, Humulin R), ##% 3 mL © 300 UCZE L),
1 37/88, fit'S A850900C, Uit L02227, ik
ALK A A

1.1.2 357 FKEE, RIS >S5 500 U/mg, #UA% S
mg/ i, FED LA (EO53, ity
6247884, 2~8 CI#1F.
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Millipore 23w 7= &, i HI-14K, 2R & = 2
FrEmEE . RPN RS E. K CE
TR S35 3 TR B (Canine C-Peptide RIA Kit)
2% [ Millipore A F) 7= i, %hi's CCP-24HK, %Ik
) B R L il R C RS R
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B, A& E Thermo 24 H] 7 i« GAMMA—C12y
TR, 28 A 20w = i (A A B AR o
Accu-Chek Performa 578 78 I {3 % FC 42 0fi B
g, BT R =

1.1.5  SEIGEY)  fERERUTE Beagle K, 12 K, #f
MR, AR 8~10kg, 7~8 HEE, MMy
FHTT e S50 2Py ho e ik, SER A= Vil ik
5 SCXK (fg) 2011-001, SEZ46 24 i & A k% lE
0000399, SEIG AN R IEFE T B I EE =, &MY
WA H. WESEE: 16~26 C, WJ¥: 40%~
70%, DG BRI AS N ACY 12 h/12 h, 3R
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) N 2T

122 W sy 2y 12 HAEBAE Beagle R
TEIE NN A G, BN 2 41, F341 6 4%, MERE
B2 B UGRK, B 1 AT RIS s A2k
2 Insulin R, #JH&4 0.5 Ukg, 45 254AF1 0.1 mL/kg;
55 2 AN sc [FFIE A AR N 25 Humulin R,
28 15~16 d EVEI ST A 2 R, XA,
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Fig. 1 Mean blood glucose - time curves following sc administration
of Insulin R and Humulin R in Beagle dogs
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221 bRUERRZE. LRV ARG R bRk
2kt FH 25 S e AR B & 25 00 R A9 (Tnsuling, kit )
Insulin R A1 Humulin R 2350 EC I, JLEHRE 4350 4
3.125. 6.25. 12.5. 25. 50. 100, 200 pU/mL. #%
“Millipore A Ji & 22 5 Sl ) den il e Jod 2 A v
T W 55 bR UEE () cpm {H, BRANIKRENEE . 4
RN FE 73k A 3 kA B AT £ i
R, hbrAENZE . 4F 3.125~200 pU/mL I, 254
WXL B/By & Logistic ZRPEAHC. 45 R EoR,
J S A S Insulin R Fl Humulin R bR ih 25 3&
AT o BRI T4 % BhsvER 2. Insulin R
A Humulin ~FIIFrUE T FE 04 Y=6.806+
87.515/[1+(X/30.755)"*""] (n=16 4%) # Y=6.365+
88.087/[1+(X/30.889)' %7 (n=14 4%). AJ7¥I1 5
e e PR Ay At 2R 1) e 2 A, B 3.125 wU/mL.
2.2.2 REEERIUERG SSRGS AEARHE Ih &
o} b B B 0K Insulin R A1 Humulin R FRé i
WL TR (7.50 28, 130 pU/mL), il 5E b AL
Vi) (R R 2 PERNAERA S, AR I 6 IR, 45
RO 1.

223 FREMEIRE S ECHl 7.5, 28 130 pU/mL
Insulin R A Humulin R JBt4%FE i, 7307620 “CHifi
17 60d. =20 CHESE 1d 4 CHELE 1 d FIEA IR
4 PRI N ORAE, KH B N R fE LR
Wz, MAFEARTENE 4 %, kK2, RER,
=20 CE&M R, #4760 dv 1 d. BiPigfE 4 C
IR 1 d FRHEAE, DLAE 4 CHRAF 1 d, SIRIERE
A 25 R 5 20°C 4 FORT 1 d FES I
i, 2R REk.
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Table 1 Precision and accuracy of Insulin R and Humulin R in plasma of Beagle’s dogs using RIA method

o W/ FI PG 25 P H Tk 2% 2
(RU-mL™) S5 (U mL ™) RSD/% RE/%  E# %/ (wU-mL™") RSD/% RE/%
Insulin R 7.5 724+0.6 8.5 96.2 79403 3.9 105.0
28 30.4+2.8 9.1 108.6 285+1.5 5.3 101.9
130 132.6+7.6 5.7 102.0 129.4+7.5 5.8 99.5
Humulin R 7.5 7.1+0.7 9.8 94.6 7.940.5 6.1 105.5
28 30.4+1.7 5.7 108.6 28.9+1.1 3.8 103.3
130 1412452 3.7 108.6 122.949.7 7.9 94.5




AR & b b A& Drugs & Clinic F29% F12H 20144%E 12 B © 1343 -
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Table 2 Stability of Insulin R and Humulin R in plasma of Beagle’s dog under different storage conditions using RIA method

W/ —20 Cfitifr 60 d —20 Cf#fr 1d 4°Cltife 1 d VR
249 (WUmL™) s/ 5 e B/ 5 e 5/ 5 e 5/

(WUmL ) RE/% (WUmL ) RE/% (WUmL ) RE/% (WUmL ) RE/%
Insulin R 7.5 79403 105.5 8.0+03 106.0 7.6+04 1014 77408 1022
28 28.4+1.4 101.5 31.7£15 1132 309420 1102 279+12 99.5
130 125.5+9.8 96.5  1120%£6.0 862 117.2%49 862 119.6+14.1 92.0
Humulin R 7.5 7.440.9 98.8 7.6+16 1013 7.0+0.8 93.7 75404 99.3
28 273+1.6 97.4 313+£23 1119 31.8£29 1135  27.7+08 99.0
130 1353+7.1 1040  1327£7.7 1020 1356+£92 1043 139.7£52 1074

224 WREKE WA S W Insulin RO SR EARUEIR C IRbRUEM:, il L2 TR

Humulin R fRILEAES (400 pU/mML), HRZH
MR AELEARE, MRBERE 1 240 128, 1116,
FRRE o FF it FHAS 79 52 o ARSI s DU 5 19 2R A )
ISR, HT ISR A CIZME /R X 100%) .
Insulin R Al Humulin R B 455053 HI4E 94.0%~
86.6%- 108.5%~83.7%, 25 REWMFBEA KT
1216 W, FRZS A A REAE it R I s 25 S 5%
AR

225 Ferthilse  IERERR R I BRSO

AR TR OIRIER 5 M2 kR
AR EIATR R RS . BCHIAH S T Insulin R
A Humulin R A7 4% f e B2 1K 20.5.,0.8 5 (4.0,
1.0~ 0.16 mU/mL) HFATINE . 2R 5w, Brilll & (1)
WEEAAR T AT B e =R, R LRk
B ORI 45 RIIAAEE T BT

2.3 RIA % E Beagle A I3 C Bk7kF

231 deifEihigk. PO EIRACE ER ARk

FEH 0.172. 0.344. 0.688. 1.375. 2.75. 5.5. 11,
22 ng/mL. $% “Millipore R C KI5 &l 2 J BE J2
T3 TR SRR Y cpm {H, REANIREENE
Bo SEFHLNREPIE ] A 2 I BA R T AL
PEAbEE, HISARUE L . 7EIRIE TR (0.172~22
ng/mL) B, Z9WREEXTHE B/B, & Logistic £k1t
G FUGRIEI T SArUE 2, P havE il
7N Y=0.498+98.325/[1+(X/2.407)" Y. A&
5 15 R o A1 5 2 B b B v o 2 (0 e R e, B
0.172 ng/mL.

2.3.2 RSB PERIUEMIEERE: I bRUE S AR R L )
R CRRHREE, BIAERRAE I B P ERRAG. Py &
WRE (0.7, 1.8, 7.0 ng/mL), WlI5E C Bkt Atk a)
(100K ¢ FEE AR 52, A AN B JE B I 6 TR 8 IR
SEAL C JTRHE N R T) FRRS 2 B2 43 0 A (10.8 £7.3) %
(5.942.5) %, FLAFHERIHER 25000 (94.8+
3.8) %. (96.6+4.6) %, W% 3.

%3 RIA ENE Beagle KM% AR C RKAUFEE EFUERE
Table 3 Precision and accuracy of C peptide in plasma of Beagle’s dogs using RIA method

W/ H R (n=6) FITRRE % 5 (n=8)

(ngmL™") I 52 R J¥ A(ng-mL ") RSD/% RE/% I 5 R S ((ng-mL ") RSD/% RE/%
0.7 0.65+0.12 18.7 92.1 0.7140.06 8.8 101.8
1.8 1.79+0.16 9.2 99.2 1.70+0.09 5.0 94.6
7.0 6.514-0.29 4.4 93.0 6.5410.26 4.0 93.4

233 FBoetile  2niicH 0.7.1.8.7.0ngmL C 52 4 K. GREIR, 7£-20 CEMHT, /17 60, 1d.

KRS, 3 AIFE-20 ChigfF 60 d. —20 CHitifs
1d4 CHEAE 1 d R RD 4 FOASTH S0 R ARAT
WH EA S TR G SR, REANFREASTE )

ELTIRTE 4 C YR | d AL, LARAE 4°CHR
71 d, SWREREARIE SRS -20 CHAF R
A7 1 d FERL I E LU, 2R B B 1k
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Bk T2 o EEEER— 3
B O 3 Sk N oA I S 2, R X i 7D
- . T . . T . 0

Beagle Kl C BRI LIRS IE AIUHE 8 25K P
SR FH RIA VI 52 1R 25 H D) a5 05 2 R P2 il 2 AH Y. N
[F) ALK C KR FE 5, 49 IR 1 J5 TR0 B 289K B, 12
JU AR Beagle RAZ X sc 521X 2 Insulin R FIXHE 2y
Humulin R J5 [P 25 I 2k DL 2.

Beagle K475 sc Insulin R Fl Humulin R )5, 24
YIRS PR, Z7E 0.5 h BITEWEHSE s 71 M 25 BETT
FRIE, PR MBI RRAG, 297E 1 h S35
% Bt I 2 FE IR BRAIG,  IUBE 7K 2 3 T
2iJ5 5 h BEACTRAT 325 24 i () OB REAL K, e
I 29 FEAN AEFRE A S5 s BE 1) 1/50 (AN 3h) CLk
TASE]) . Insulin R A1 Humulin R 3 1 AR 4k & AL
A2, WK 3.

25 HHMESHITE

RERZIE I (15 B R K ] DAS 3.0 24377
IWHEFRPHATEAR AR, THE 28225, Wk 4.
2 2 T AR R A AUCs pootT BT AUC.0
Ll 3 (2.042.2) %, (1.3£0.8) %,
FFE /T 20% 02K, RUERAF 2 S0E H, eI
IR L ) 2535 2 B0 e S WX A S 500 B 3 )
AW AR
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& 2 Beagle X sc Insulin R 1 Humulin R f5 B9 Z5 07 g2k
Fig. 2 Mean plasma concentration - time curves after sc
administration of Insulin R and Humulin R in
Beagle dogs

& 3 Beagle X sc Insulin R #1 Humulin R /5 PK-PD 587
18] 25 1 i 2%
Fig. 3 PK-PD and time change curves after sc administration

of Insulin R and Humulin R in Beagle dogs

4 Beagle A sc Insulin R #1 Humulin R FAFFSH LR
Table 4 Comparison on pharmacokinetic parameters after

s¢ administration of Insulin R and Humulin R in

Beagle dogs
ZH L=k 12 Insulin R Humulin R
i h 0.86+0.49  0.91£0.29
fmax h 0.43+£0.21  0.42£0.09
Crnax pU-mL™! 203.2463.3  193.5+63.1
CLz/F Lhi'kg' 179120321 1.943+0.460
VzlF Lkg! 2.163%£1.152  2.510£0.785
AUCo¢n wUmL “h' 28124475 266.6%62.5
AUCq., uU/mLh 287.14£49.2  270.1+62.5
MRTy6n, h 1324024  1.26%0.14
Faucosn % 109.4425.5

2.6 Insulin R 5§ Humulin R A4 #1058

%} Insulin R 5 Humulin R 33 5} 57) 3 4™ =2 245 5)
250 AUCqgnn AUCqoofl Crnax BEATTT 25317, 45
F IR Insulin R 55 Humulin R 8245718 < & 35 18] Al
AMAE 2R TE B E M. FF0 AUCh6 n AUC A1
Cnax BEAT XA AU ¢ KTHEFT 90% E A5 X 4] 234
AUCq.6 nv AUCq oM Cnax i INAMSAN £ K556 155 2
MR IS A (P<<0.05), H: 90% & 15 X 18] 43 5 A
93.8%~121.2%. 94.9%~121.6%. 83.5%~135%.
FAESE 57 (BCX Wilcoxon A1) A fmaxs
Insulin R 5 Humulin R ] ty ZF LB ZF M. %0
FL 45 R PR RR IR A AR SRR
3 g

JoE B 25 A PR B4 R 23 A T — T 2 IR
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JBR B 2 2B A R R T e o Pl T 3R C IRAEAA
ARG T by, I i C KK rT BURS IE
PR PRI 5 K o ARBIFSER FE SEAS IR C Ik
WA, 55 2 RPN i 28 R C R B LA
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