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Preclinical safety evaluation of insulin glargine injection
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Abstract: Objective To determine the no-observed-adverse-effect level NOAEL) of insulin glargine injection (IGI) by observation of
toxicity reactions in long-term toxicity study in Beagle’s dogs and its accompanying immunogenicity test, and provide reference for
clinical adverse reaction monitoring and prevention. Methods 40 healthy Beagle dogs were randomly divided into five groups, including
low-, mid-, and high-dose (0.5, 1.0, and 2.0 IU/kg) groups of IGI, vehicle control group, and original research group (Lantus, 2.0 U/kg).
Each group included eight Beagle’s dogs, half male and half female. All animals were sc administered for 30 d continuously, and then
recovered for 16 d with no dosing. General observations, food intake, body weight, rectal temperature, blood glucose, and
electrocardiographic examination were conducted. Routine hematology and coagulation, serum biochemistry, routine urianlysis, and other
indicators were also determined. Meanwhile, bone marrow cell morphology, gross necropsy examination and histopathological
examination were carried out during the study. Drug-resistant binding antibody at different periods in dog serum was determined by an
indirect ELISA method. The neutralizing activity of resistant antibody in positive serum was measured by using biological activity HPLC
assay in vitro. Results During the dosing period of d§ and d10, one female animal showed the abnormal symptoms of salivation and
convulsions caused by hypoglycemia after dosing 5—6 h in original research group and high-dose group respectively, and the abnormal

animal in high-dose group died the next day. The proportion of T wave inversion in high-dose group respectively, and the abnormal
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animal in high-dose group died the next day. The proportion of T wave inversion in high-dose group was found slightly higher than that

in vehicle control group (5/7 vs 1/8) by electrocardiographic examination, which was back to normal after stopping dosing. There were

no significant toxicological changes in body weight, rectal temperature, food intake, routine urianlysis, routine hematology, serum

biochemistry, and histopathology of the remaining surviving animals. Immunogenicity test indicated that only one male animal in

high-dose group produced drug-resistant binding antibody during the dosing period of d12. The antibody titer was 1:16 and the positive

rate was 14.3%. The binding antibody in serum sample was tested to be non-neutralizing activity antibody. Conclusion Under the

experimental conditions, the NOAEL of IGI in Beagle’s dogs with repeat-dose of 1.0 IU/kg, which was equivalent to two times of

clinical therapeutic dose. This medicine at high dose may produce weak immunogenicity in particular Beagle’s dog.
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JETHE AT R 2.0 39.29+0.45 39.46+0.38 39.5940.53 40.15+0.39
ORI RS 0.5 39.3240.30 39.4440.23 39.62+0.42 39.534+0.25
1.0 39.48+0.43 39.4440.54 39.41+0.60 39.9440.56
2.0 39.35+0.37 39.36+0.25 39.88+0.38 39.494+0.37
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PRy Sai) — 49406 47+05 47406  47+04 4.540.6 4.6+0.4 45403
JERATF o} 1 20 5.0+04 47403  45+05  4.6+03 45406 44403 4.84+0.4
RS S 05 49406 47403 45103 48404 47£0.4 47403 47403
1.0  48+05 47+03 47%£03  4.6%02 43403 44403 48405
20 49+04 48+04 50%£03 47402 4.7+0.1 434022 4.610.7
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Table 3 Effect of IGI on routine hematology and coagulation of Beagle’s dogs

g3l %IJ%{ WBC/(X10°-L™") RBC/(X102L7h

T (Ukg ) BRI AT 12 RATE 30 RS 16K BN AT 12 KA 30 RIKES 16 K
WS —  13.48+2.0913.04+2.49 12.094+1.37 11.85+1.33 6.20+0.71 6.26+0.55 6.62+0.53 6.75+0.78
JEWER 2.0 13.394+1.9013.484+2.02 12.47+2.11 12.81+1.68 6.50+0.48 6.28+0.45 6.80+0.57 6.94+0.48
HRBES 05 1209+1.7612.59+2.11 13.40+2.63 11.62+0.73 6.82+0.64 6.42+0.72 6.69+0.35 7.43+0.33
FEHW 1.0 11.59+2.6912.80+£2.39 9.87+1.78°11.03+0.98 6.384+0.65 597+0.58 6.23+0.63 6.9620.65

2.0 14.52+32413.71£6.15 12.05+4.29 1046+1.77 6204058 5.69+£0.46" 6.06+0.39" 6.3940.20

il F|E/ Hb/(g'L™") HCT/%

) (Ukg ") BN A28 12 KRG 30 RRES 16 K &MY D28 12 KRG 30 RIKES 16 K
BN —  138.0+18.5140.0+15.3 148.5+15.1 149.5+22.1 423+55 43.9+47 455+44 462+65
JEWEIR 2.0 1463194 1421489 1524+11.9 154.8+98 449+29 443+28 47.0+3.6 479+32
HRBES 05 1504+15.6143.5+16.3 1484495 1633+9.1 458+43 44.0+47 452430 498+23
FESR 1.0 144.6+15.0136.4+11.5 1408125 159.8+142 442+4.1 422437 434436 484+43

20 139.5+14.0129.1+£9.5 137.3+10.6 142745 43.0%+4.1 402+3.0 425427 440%1.6

Y1) 7 %{ 1 MCV/AL MCH/Pg

(Ukg ) &R 452555 12 K425 30 RIKEH 16 K IGMNM 452058 12 REGZ05E 30 RIKE S 16 K
WX —  682+21  700%£24 687+18 684+27 222409 223409 224+07 22.1%*1.1
JERERE 2.0 69.1+14 70717  692+1.6 69.0%2.1 225406 227407 224+07 223409
HRBYE 05 673%£17 686+19 675+20 67.1+2.1 221407 223+07 222+07 22.0+0.6
MR 1.0 694+17  708+22 698+19 69.6+14 227+05 229407 227405 23.0+05

20 693+19 707420 70.1+1.8 688+20 225+0.6 227407 22.6+0.7 224+09
yim) %”%f 1 MCHC/(g'L™") PLT/(X 10°L7"

(Ukg ) &R 452555 12 K425 30 RIKEH 16 K IGMNM 452058 12 REGZ05E 30 RIKE S 16 K
WA — 3259456 3189453 326.0%3.7 3233+33 379.5+131.8375.61106.7353.0£94.6 343.84107.2
JEWER R 2.0 325.842.8 320.844.2 324.0+5.0 3238444 361.5+117.1361.0132.6319.8+88.8 260.8489.3
HRBES 0.5 3280139 3251445 328012 3285+5.0 350.8457.6 334.6148.0 290.8+46.6 263.8+38.1
U 1.0 3268154 3234455 3245433 330.5+1.77 383.1+94.4 375.9448.6 325.8+35.7 323.8+33.4

2.0 3248469 3213+57 3229455 3253+6.4 354.6+107.4374.1+80.2 333.1+£102.6423.0+70.5

Y1) bl %{ 1 ‘ RET/% ‘ PT/s

(IUkg ™) JENH  LA25%55 12 RA205E 30 RIKESE 16 K &N A2 12 RG22 30 RIKES 16 K
W — 2424056 2434052 23240.66 2224069 7.084+0.12 7.16+£021 7.01+0.04 7.9540.34
JERERIE 2.0 2.09+£0.52 2352072 1.99+0.75 1.97+043 7314051 7.194£034 7.08+021 7.8840.32
HRBES 05 2072063 270113 1.65+£0.60 1.64+048 7.03+0.07 7.08+£0.14 7.00+0.00 7.8040.34
U 1.0 223+£0.79 3.254+1.05 1.73+£0.39° 1.76+0.16 7.06+0.12 7.13£0.15 7.00+0.00 8.1340.25

20 2.75+0.85 3.35+1.56 2.10+£0.80 1.36+0.89 7.18+046 7.47+0.58 7.20+0.45 8.63+0.87

i %U%f 1 APTT/s

(TUkg™) TGNV 252558 12 REZ%E 30 K IKEEE 16 K
WX —  13.48%+2.7913.16+1.46 12.44+1.00 10.93+1.49
JEWERE 2.0 12.30%1.7313.9140.75 12.89+0.63 12.4510.48
HAFEE 0.5 11.93+1.5512.861.40 11.98+1.47 11.95+0.83
FESR 1.0 12.384+0.9513.36+1.02 12.54+1.90 11.80+1.11

20 11.94+1.8012.44+0.88 12.60+1.99 10.67+0.68

S IIRALEE R TP<0.05

"p<0.01, T

"P<0.05 “P<0.01 vs vehicle control group, same as below
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Table 4 Effect of IGI on serum biochemistry of Beagle’s dogs
5 %fu%il ‘ ALT/(U-L™") A : AST/U-L™Y A

(IUkg™) BN 52550 12 RGZ5H 30 RIREEE 16 X TGN 255 12 R 44245 30 R I 16 K
WS —  264+55 289436 31.7£3.1 319405 33.0%£3.5 305+56 332450  37.6+58
JRWER . 2.0 248+72 292460 289462 3224109 343+40 31.8468 343+63  39.6146
HHsME 05 254462 278+24 283437 278462 306%59 29.6+34 325+56  349+3.6
EHS 1.0 261+£70 275450 295444 321433 337470 334462 3691484 438496

20 266+100 268+7.6 30.6+72 39.0+32 382+57 31.8+49 333452  37.1%1.1
4151 %U%{l ALP/(U-L™H A BUN/(mmol-L™") A
' (IUkg™) ENIE L2550 12 RGZYH 30 RIKESE 16 X JEMNH 452550 12 K 452550 30 K KBS 16 K
WIS —  112.5458.7146.7+£76.2 121.0+582 117.1+154 4.03+£1.42 4112083 3.96+0.74 4.3241.57
RO 2.0 83.4431.31054+225 80.7+13.6 74.8418.5" 437+£0.99 5044131 4.18%+0.61 4.70%1.19
HRBE 05 965+37.2111.6+£39.9 99.1+242 91.9+383 428+1.12 482+127 4.14+1.12 5.03£0.97
EHSE 1.0 107.3119.6142.1+62.6 121.81+41.2 1332469.8 423+091 4.70+125 4.67+096 4.75+0.59
20 103.6+33.5122.6+31.1 9624208 909+31.7 3.83+1.11 4.84+143 474+1.50 5.09+1.69
gy R Crea/(umol-L ™) TP/(gL ™)
o (IUkg™) ENH Z425% 12 KRG 30 KIKES 16 & GN ZA255 12 K 4255 30 K IEH 16 K
W — 595434 65.0%58 674442  71.0E45 582448  61.0E53  63.1+44 644144
RO 2.0 65.6+£6.6" 71.5+72 728464 729461 59.1+45 634148 63.7k44  63.0+47
HHEBES 05 6474297  69.6+£94 7154100 835156 58.6+47 594+41 61737  63.8+25
EHS 1.0 65.6+6.5  71.6+6.0° 75.7+597 797410.1 57.2+42 590431  60.1+29  62.14+38
20 61.8+10.7 673+10.1 77.6+11.0 742472 577+42 6l1.6+47 627421  675%+1.1
3 F 4/ ALB/(g'L™" GLU/(mmol-L ™)
o (IUkg™) @GN L4255 12 KA 30 KIKES 16 K TGN 4255 12 K 4255 30 K IEH 16 K
WX — 244429 248427 25630 257140 4.84+032 4.79+055 499+027 4.76+0.38
WP 2.0 27.1+£14" 274415 282418 273424 4954047 4.684+0.57 4954067 5.04%0.18
RS 05 273+15 268+18 275413 278413 500062 5.00+031 4764038 5.15+0.21
EHSE 1.0 265+1.8  266+17 275+1.6 2774101 4.78+042 4961073 4.581+0.70 5.07+0.44
20 255+1.6 252412 260%+16 267+18 4.73£0.57 5231044 4911025 5244041
g5 %U%{ TCHO/(mmol-L™") : TBIL/(umol-L ™"

(IUkg™") @M A2050 12 KAZY5E 30 RIKESE 16 K FENH 4245 12 K A 2558 30 K IKESE 16 K
W —  4.09+0.85 3.96+0.74 3.9940.63 4.17£0.14 1.97+£029 1.884+021 2274036 2.2040.47
JRWP I 2.0 3.83+£0.85 3.67+0.51 3.642037 3.4320.57 21242031 2.09+031 2394031 2324023
HHEBES 0.5 3724035 3.37+0.57 3.781+045 3.8140.52 2132025 2.02+031 2474047 2461041
EWH 1.0 3.60£0.72 3424044 3.652050 3.58+0.72 2324025 2164031 2914038 2.8740.47

20 333+£096 3.15+0.67 3.524+1.14 4.80%2.13 2.134+0.15 2244043 2474034 2434025
g5 %U%{l TG/(mmol-L™") : CK/AU-L™H

(Ukg) EMI ZAZ05 12 REGZH 30 RIKES 16 K TGN #5245 12 K 242550 30 K kB 16 K
WX —  0.60£0.16 0.59+0.10 0.532+0.07 0.5840.13 192.9+53.7221.0+£58.0 204.8+39.9 239.1+£32.6
RO 2.0 0.57+£0.18  0.67+026 0.6620.20 0.5320.10 181.1459.6184.6+53.7 191.84+39.0 254.5+254
RS 0.5 0622015 0.58+£023 0.5740.19 0.50+0.20 168.4+57.7194.5+51.3 190.4+54.4 205.8+48.7
EWH 1.0 0.53£0.15  0.69+026 0.600.10 0.5620.16 222.2477.0208.0+£66.9 221.9+58.0 317.8+59.3

20 0554017 0.52+026 0.56+0.15 0.624+0.21 215.9+98.7234.092.8 237.4+68.9 267.9+£19.0
3 %”%fl y-GT/(U-L™)

(IUkgy ENH 255 12 RG24 30 K IKES 16 K
WHEAE  —  4.0+0.6 40+0.8 3.8+1.1 41406
JAFGTE 2.0 4.1405 38404  37+04  3.5+0.1
Hass 05 50408 42405 42404 42408
ERH 1.0 49412 414£09 42406  4.6+09

20  43+0.6 37405 38405  4.0£05
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34 RGP, ERAVFALFEFNE

RARTR T WA LB, FHE, IR
DURLUEs TR, REREOCHE, M. R R WAL Kb
H, WA, P, ALE SR W IR A] UL
P AR o E 4 2 R R A 48 R R IR S A 4
AN 2% R B A A 0 R 4 LA B S e 22
S, AHIXSERFR AR 1 YL N s,
HAMKRFR, HIEGAPIERTR. AGURELESUE
TR A R MERAR, RS 2 30 RS 2K
216 KRR AL /D BB o Rl s
AR R A, IR AR I LG R AR AR 42
SEARBORIO LG 2 . ARYEI AR ORI
T Lo M 5 29 E L TE K
3.5 SfRIRIER

2K S W v R SRR R AT R AR R

Ja, B 1D 4.1:8.1: 1641 : 64, K4 ELISA
T3 VW0 8 A R R B AL R P 2 (R 4 A bk . 4
R, RS 223 S v R AT 45 2 A
12 REE] 1 S 5= P2 45 & Pk
C1/7), BHME R Ny 14.3%, 4 I35 FE S F6RE 32 £5)5
T A AEAR T 5] 00 G A T S (. (ot
XTI A AEIER 2.1 £, RIBTARTRE N 1 ¢ 16,
GERNE 5,

FLA 52 A M3 rh S8 AT W BN P 2 25 B Pidk
P A PR ARSI IS 43 75 10 U/mL (1) H
I EYE 101, 201, 401,851, 161
WLLEE S, W E G LR i HR B S =3 5
THEERA WA ZER, PR 91.0%. B
I, ATRAA Ay A T AR () S i AN 2 2% R
HORS o 5 22 s 1 VR

x5 PRMSMMBERIAEE S

Table S Analysis of antibody titer in animals with positive serum

A450nm

R it LA I Wi B i
1: 4 0.1401+0.087 0.293 0.402 +
1: 8 0.085+0.030 0.178 0.262 +
1:16 0.060+0.007 0.126 0.152 +
1:32 0.054+0.005 0.113 0.098 -
4 itHig W S IR i T AL AR T 2= A R X O LR —

I BE P TR 50 A2 BT 24 AR I R TP I
2%, BAT AT 25 4] BE 5 RS R R AN R 5 W Je
BEEAUREAS T, NGRS R
WIS AR Sea i S SER & LT sk
I A SRR R 2, LB e W AN B 98 Uk 3R A T
TR, 25 R IR, Beagle R7E sc EEE 2R 25H)
R AN R AN A A 1 B IR EE . X
. HhdE . LA ORI Zh i
PE(EALAE 1.2~1.6 mmol/L 2 7], J5 & ks 7 E
WIABE IS A TG . T3 [ A A 2 5%
AR % I H R EET, WSR2
S (RN TR RS R R I, WA Ay e ) 4 R s
XTI 5 | B B R MR R A 5 1% 2 R 24 B 1 A
Ky P RO b TR A B vy 5P AR i S B o
TN, G SRR S R IRAN 5 B H B H ]
S R m R R AL 25T B T B
Lol i o X W RE— T THI S SR ZE e X B SR
AT G Sy— 7T, W REL R 2R BRI

REPERIEE Y, SRR R A AR EAN G PR
P HOR IR S AR IR R L I, 3 07) 0 A8 1)
IBE GO0, SN R 4s 250 BRI, By AR A
AE (5

RSB SRR I 4] DNA HR A K
[ R 5 2R I 02, AR A e L
L 2R GV BRI Eh YR R A . AR 42
SERG T, R IR PR S 55 25
WIS BRI AR SURSUAE S YT R
FUEBREE, IO Y BAR 2 Ge e S v vF
M AR K, A0 A B Beagle KK
PEVASIEA T T B JAPERITS, 2R s sl B A
1 HEESh Y T4 29004 T pigypidk, b0
PR A PUR IS FE AR I s, AR AR
TR, T RS B B 3R Rl A T 22 A MEPE A R HE
PRSI T RFE R

STk
[1] Ve, & W R 8L BRI Y —RS R
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