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Nonclinical safety evaluation of Insulin NPH, a biosimilar of Humulin NPH
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Abstract: Objective To investigate the toxic reaction, toxic organs or target tissues of protamine recombinant human insulin
(Insulin NPH), and provide basis for clinical trials by single dose toxicity test in mice, repeated toxicity and immunogenicity of
Beagle’s dogs, and systemic active allergy in guinea pig. Methods (O Using maximum dose method, mice in single dose toxicity
test were sc injected with normal saline (NS), vehicle, and Insulin NPH (2092—2488 1U/kg), the toxic reactions after injection were
monitored. @ In repeated toxicity study, Beagle’s dogs were sc administrated with vehicle, the original (Humulin NPH, 1.5 IU /kg)
and different doses of Insulin NPH (0.5, 1.0 and 1.5 IU/kg) for 30 d continuously, followed by a 14-d recovery. During the
administration and recovery period, general observation, local irritation, body weight, anus temperature, blood glucose, and
electrocardiogram (ECG) were checked, moreover, hematology, serum biochemistry and urine were detected. Also, organic weights
and histopathological examination were conducted. Binding antibodies in dog serum were measured by indirect ELISA method in
immunogenicity test. 3 In systemic active allergy study, cavies were sc injected with low- and high-dose (4 and 12 1U/kg) Insulin
NPH, normal saline and vehicle. Besides, ova as positive control was also included. After five times of sensitization test with above

doses, the excitation reactions of iv injection with tripled sensitizing doses were observed. Results No obvious toxicity was
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observed in mice after injected with 165 times of usual clinical dose of Insulin NPH. Repeated toxicity study of Beagle’s dogs

revealed that 1.0 IU/kg was the no-toxic-effect dose (NOAEL) for Insulin NPH, which was equivalent to 2 times of clinical dose. No

bindingantibodies were found in immunogenicity test. There was no obvious allergic symptom in the active systemic allergy study of

guinea pig. Conclusion Under the experimental conditions, no serious toxicity of Insulin NPH is found.

Key Words: insulin NPH; single dose toxicity; repeated toxicity of Beagle’s dogs; immunogenicity; active systemic anaphylaxis
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% 1 Insulin NPH %} Beagle X IN#EARYEMT (X *5,n=6)
Table 1  Effect of Insulin NPH on blood glucose of Beagle’s dogs (X *s, n = 6)

i & B /(mmol-L ™)
/(TUkg ™) do ds die d23 d30 rd6 (n=2) rdl4 (n=2)
RGNS R — 4.0+0.1 4.3+0.4 4.5+0.4 4.5+0.5 4.2+0.4 4.1£0.3 4.2+0.3
JETH T R 1.5 4.1£0.5 4.0+0.4 4.440.5 4.840.4 4.340.4 4.140.2 4.6+0.4
Insulin NPH 0.5 4.140.4 42+0.6 4.3+0.4 4.9+0.2 4.4+0.3 4.4+0.1 4.6+0.9
1.0 4.0+0.3 4.1+0.2 4.5+0.4 4.8+0.6 42+0.6 3.8+0.5 4.2+0.0
1.5 4.0£0.3 4.1+0.5 4.6£0.5 4.5+0.3 4.2+0.3 4.140.1 4.2+0.4
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Table 2  Effect of Insulin NPH injection on ECGs of Beagle’s Dogs ( X £s, n = 6)

y1ml 7/ do
(IUkg™") HR/(B'min ) P/mV R/mV T/mV P-R/ms QRS/ms Q-T/ms ST Bt/mV
WX 0 110.8+13.2  0.280+0.030 1.593+0.320 0.455+0.111 90.2+9.4 58.8+42 189.8+8.3  0.066+0.068
JERIESK HE 1.5 111.7+18.0  0.354£0.086 1.721£0.288 0.546+0.150 88.8+12.1 59.8+3.5 193.8+1.8  0.073+0.055
Insulin 0.5 99.7+£13.6  0.275+0.045 1.401+0.322 0.339+0.189 88.8+6.8 60.3+4.0 203.2+6.0" —0.011+0.088
NPH 1.0 102.3£10.9  0.298+0.071 1.598+0.252 0.446+0.095 89.8+5.1 60.7+5.8 197.5£8.5  0.059+0.039
1.5 108.5+12.4  0.324+0.079 1.562+0.409 0.453+0.108 90.2+3.1 61.3+3.4 196.0£7.4  0.046:+0.081

&/ dis

#151

(IUkg™") HR/(B'min ) P/mV R/mV T/mV P-R/ms QRS/ms  Q-T/ms ST Bt/mV
HEUEXT IR 0 115.8+11.3  0.303+0.048 1.545+0.307 0.319+£0.112 82.5+11.4 59.842.9 191.849.0 0.037+0.086
JERIE X R 1.5 11934143  0.41140.085" 1.839+0.332 0.244+0.057 95.2+5.0" 59.842.9 194.5+15.6 0.138+0.047"
Insulin 0.5 116.3+18.6  0.334+0.050 1.531+0.376 0.259+0.141 85.3+4.8 61.5+4.6 198.8£10.0 0.052+0.076
NPH 1.0 121.5+17.1  0.383+0.057" 1.760+0.504 0.260+0.086 96.2+5.7" 60.243.9 190.5+15.6 0.127+0.069
1.5 122.8+18.2°  0.369+0.069 1.591+0.343 0.230+0.047 96.5+5.8" 61.7+2.3 194.3+13.8 0.141+0.039"

ui FL/ d29
' (IUkg™") HR/(B'min ) P/mV R/mV T/mV P-R/ms QRS/ms  Q-T/ms ST B/mvV
WS 0 136.8+17.0  0.309+0.060 1.391+0.302 0.356+0.096 85.5+8.5 61.8+3.8 185.248.3 0.034+0.083
R 1.5 120.0£18.0  0.411+0.077° 1.605 £0.187 0.423+0.135 86.5+8.9 65.0£1.8 196.5+12.1 0.088+0.065
Insulin 0.5 103.848.9"™  0.305+0.097 1.687 £0.496 0.454+0.208 82.8+5.6 64.5+5.0 198.5+8.5" 0.022+0.079
NPH 1.0 116.0£18.9  0.359+0.044 1.629 +0.441 0.402+0.081 88.7+4.8 63.7+2.6 193.848.0 0.076+0.037
1.5 120.0£17.8  0.358+0.084 1.505+0.390 0.345+0.198 88.5+5.4 63.745.0 193.0+10.1 0.054+0.073

y1ml 7/ rd13
(IUkg™") HR/(B'min ) P/mV R/mV T/mV P-R/ms QRS/ms  Q-T/ms ST Bt/mV
WX 0 122.54233  0.233+0.037 1.269+0.383 0.186+0.016 76.0+25.5 65.5+2.1 208.54.9 —0.059+0.079
JEREXT R 1.5 118.040.0 0.370£0.055 1.412+0.493 0.238+0.093 94.0+12.7 62.5+2.1 208.5+2.1  0.042+0.006
Insulin 0.5 99.5+7.8 0.325+0.025 1.208 £0.321 0.272£0.034 82.5+9.2 69.5+6.4 203.5+3.5  0.001+0.056
NPH 1.0 120.04212  0.304£0.082 1.268+0.112 0.168+0.052 98.0+4.2 64.5+4.9 197.5£10.6 0.024+0.055
1.5 13554403  0.42240.074 1.487+0.120 0.352+0.136 88.0+2.8 60.5+2.1 189.5+21.9 0.091+0.056

Ly b "P<0.05

"P < 0.05 vs dissolvent control group
3.24  MUAEAFNBAEM Beagle K sc ALl
WA 25 5, S TR ISR 47 SR LE I
TGN, FLeiRbs CPMAREKRE ., ML
ME S BIHZL ARG IS R g
X PR LE A BRI AT 25 52 (P<<0.05), {HIX 4644y If:
IR Y SN
3.2.5 JKEIA A Beagle K sc ANAEFIEZIA Y
Jei s e 2] R S I AN TRI Y B FR) B RSy AR A PR
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NIT. LEU. SG 1 pH 4555 259 < i 8 5+
WA .
3.2.6 iy REMASURESAR A A AE R K
SRR o W IR, M IR PR
BUR R, BRAEARIEA. Bt (B AR WA
R AT LR P AR o g 24 3 45 RO IO AN 52
(R0 2% JOT S R0 U i R 85 ) S S ) R 4 L s A
5% (P<0.05. 0.01).
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33 SREEMERE
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¢ Insulin NPH 5§ Humulin NPH )45 & Hidk

%3 EAEK scInsulin NPH FAEEESHIKI MRS (FEESENIE L2 HIED
Table 3 Statistics of dogs with binding antibody during different periods of Insulin NPH Injection (dogs with binding

antibody/ total animals)

LY
4151 FHE/(IUkg ") ZyHi(d-4, n = 6) KB (rd14, n=2)
d16 (n=6) d30 (n=6)
VAU IR 0 0/6 0/6 0/6 0/2
0.5 0/6 0/6 0/6 0/2
Insulin NPH 1.0 0/6 0/6 0/6 0/2
1.5 0/6 0/6 0/6 0/2
Humulin NPH 1.5 0/6 0/6 0/6 0/2
34 HBRIEFISIHAE oA HBE XU

J B 22 A S ieaie 45 R o, Bl s
A 1 RHEEIK AL 25 )5 2 min BBV OTIR
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4 i

Br AR R PP A2 2580 2 2RI RE N I PR X
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