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Abstract: Objective To investigate the effects of different dissolved oxygen and residual oxygen on the quality of Thioctic Acid
Injection, and to provide technical reference for Thioctic Acid Injection in order to improve the quality. Methods The original
preparation, three batches of self-prepared samples with different dissolved oxygen content and residual oxygen content and samples
from different manufacturers in the market were used as the test objects. HPLC methods was applied to measure impurities including
impurity A (6,8-sulfooctanoic acid), impurity B (oxidation impurity), impurity C (degradation impurity), content and polymer. The
dissolved oxygen and residual oxygen were measured by X-325i headspace residual oxygen/ dissolved oxygen analyzer. The
influence factors test of high temperature, light, low temperature, freeze-thaw cycle, accelerated test and long-term test were carried
out to investigate the stability. Results Content of impurities B, C and total amount of impurities increased obviously under high
temperature conditions. The dissolved oxygen and residual oxygen in the samples were significantly reduced under the condition of
light without outer packaging, and the impurities A and polymer increased significantly. All samples were stable under the light band
packaging conditions. All samples were stable under low temperature conditions. The samples with low dissolved oxygen content
were not affected under freeze-thaw conditions, but the polymer in the sample with high dissolved oxygen content increases
significantly. Under accelerated conditions, impurities B and C in all self-developed preparation samples increased significantly,
dissolved oxygen content decreased, and residual oxygen basically remained unchanged in all sample; under long-term conditions,
impurity C and polymer in high dissolved oxygen and residual oxygen samples had an increasing trend. Conclusion The lower the

oxygen, the better the quality. It is recommended that dissolved oxygen is below 2 ng/mL and residual oxygen is below 2.0%, which
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the product is stable.

Key words: Thioctic Acid Injection; dissolved oxygen; residual oxygen; impurity; polymer; 6, 8-sulfooctanoic acid
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Table 1 Results of products under thermal degradation
i 5 A S P L (1 B—y
mL™) /%  JRA RAB ARC IR W1/%
MR RO EMIEEZ] 180512-1 0 0.997 0.74 0.01 0.03 0.06 0.13 100.1 0.05
BHEARAF 10 0.905 0.73 0.01 0.05 0.25 0.40 98.8 0.11
30 0.856 0.73 0.02 0.07 0.52 0.67 99.2 0.08
180512-2 0 2.096 1.61 0.02 0.08 0.08 0.21 99.9 0.07
10 1.887 1.59 0.02 0.12 0.28 0.71 98.1 0.08
30 1.750 1.57 0.03 0.14 0.57 0.89 98.0 0.11
180512-3 0 3.166 230 0.12 0.10 0.09 0.35 102.1 0.15
10 2.634 2.18 0.12 0.17 0.30 0.68 102.0 0.15
30 2.491 2.20 0.12 0.20 0.63 1.22 100.0 0.12
RSN YN 73215 0 0.963 0.62 0.06 0.14 0.18 0.41 100.5 0.18
10 0.923 0.59 0.06 0.18 0.34 0.70 99.7 0.17
30 0.805 0.60 0.06 0.21 0.62 0.90 99.0 0.18
X/ 20171220 0 4.123 3.27 0.10 0.13 0.27 0.60 100.1 0.30
10 2.967 3.28 0.11 0.28 0.57 1.15 98.8 0.28
30 2.002 327 0.10 0.35 1.04 1.90 98.2 0.32
Y/ 2019030102 0 1.878 1.01 0.06 0.08 0.14 0.32 98.9 0.11
10 1.561 0.96 0.07 0.13 0.45 0.69 97.1 0.10
30 1.402 0.93 0.08 0.16 0.68 0.95 97.0 0.13
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Table 2 Results of products under photolytic degradation (without packaging)
s o o ﬁéﬁifmg B4 S /e ‘ P ®a
mL™) /% A KRB O RRC SRR /%
PR 5O PR 180512-1 0 0.997 0.74 0.01 0.03 0.06 0.13 100.1 0.05
FHE A RA A 10 0.731 0.60 0.86 0.02 0.07 1.87 96.5 1.90
30 0.680 0.45 1.01 0.03 0.06 3.93 932 4.6
1805122 0 2.096 1.61 0.02 0.08 0.08 0.21 99.9 0.07
10 1.791 1.29 1.01 0.08 0.10 2.70 952  2.54
30 1.200 0.80 1.53 0.08 0.10 4.01 91.3 5.61
180512-3 0 3.166 2.30 0.12 0.10 0.09 0.35 102.1 0.15
10 2.304 1.75 1.26 0.10 0.09 2.94 96.5 3.02
30 2.083 1.53 2.01 0.10 0.09 5.19 91.1 5.94
(IS SN N I 73215 0 0.963 0.62 0.06 0.14 0.18 0.41 100.5 0.18
10 0.780 0.51 1.03 0.14 0.19 2.31 95.1 2.01
30 0.531 0.33 1.16 0.13 0.18 3.19 92.0  4.14
X 20171220 0 4.123 327 0.10 0.13 0.27 0.60 100.1 0.30
10 3.264 2.54 131 0.15 0.27 3.29 93.8 3.68
30 2.121 1.87 2.20 0.14 0.26 6.01 86.9 6.31
Y/ 201903010 0 1.878 1.01 0.06 0.08 0.14 0.32 98.9 0.11
2 10 1.221 0.87 1.11 0.08 0.13 2.98 92.5 2.89
30 1.002 0.65 1.73 0.09 0.14 4.02 89.0 5.77
F3 RB(EFEMME)EGHTERUTIELER
Table 3 Results of products under photolytic degradation (with package)
s e Jd iﬁ%&%ﬁ/( pgo FRE ﬁ?é%@ﬁ 1% ‘ P RE
mL™) /%  RBA BB OJRBIC SRR /%
WS (RO 180512-1 0 0.997 0.74 0.01 0.03 0.06 0.13 100.1 0.05
BHEA R A A 10 0.900 0.74 0.01 0.03 0.06 0.13 99.9 0.09
30 0.885 0.74 0.01 0.03 0.06 0.14 99.5 0.07
180512-2 0 2.096 1.61 0.02 0.08 0.08 0.21 99.9 0.07
10 2.001 1.61 0.02 0.08 0.07 0.21 98.8 0.12
30 1.999 1.61 0.02 0.08 0.07 0.20 99.6 0.08
180512-3 0 3.166 2.30 0.12 0.10 0.09 0.35 102.1 0.15
10 3.204 2.30 0.12 0.10 0.09 0.36 101.5 0.20
30 2.983 2.30 0.13 0.10 0.09 0.35 101.0 0.19
(ISl SN NI 73215 0 0.963 0.62 0.06 0.14 0.18 0.41 100.5 0.18
10 0.985 0.62 0.06 0.14 0.18 0.41 100.0 0.18
30 0.903 0.62 0.07 0.14 0.17 0.42 99.2 0.19
X" 20171220 0 4.123 327 0.10 0.13 0.27 0.60 100.1 0.30
10 4.056 327 0.10 0.12 0.26 0.62 99.5 0.35
30 4231 3.25 0.10 0.12 0.26 0.61 100.5 0.29
Y 2019030102 0 1.878 1.01 0.06 0.08 0.14 0.32 98.9 0.11
10 1.902 1.01 0.07 0.09 0.14 0.33 98.0 0.15
30 1.854 1.01 0.06 0.08 0.15 0.32 98.2 0.12
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Table 4 Results of products from different manufacturers in hypothermic test
. TEFR et i . = NI o RH
& iy W wmeens) P o %a?é FRC ERE % e,
PR (R EOEY 180512-1 0 0.997 0.74 0.01 0.03 0.06 0.13 100.1 0.05
R 2GR R 1 0.931 074  0.01 0.03 006  0.10 99.4  0.06
2] 2 0.935 0.75 0.01 0.03 0.07 0.11 98.7 0.07
3 0.889 0.74 0.02 0.04 0.06 0.12 99.0 0.06
180512-2 0 2.096 1.61 0.02 0.08 0.08 0.21 99.9 0.07
1 2.078 1.61 0.02 0.08 0.07 0.20 98.4 0.09
2 2.109 1.63 0.03 0.09 0.07 0.21 98.3 0.06
3 2.091 1.62 0.03 0.08 0.08 0.21 98.0 0.08
180512-3 0 3.166 2.30 0.12 0.10 0.09 0.35 102.1 0.15
1 3.021 2.30 0.12 0.10 0.10 0.35 101.4 0.13
2 2.973 2.32 0.12 0.11 0.09 0.36 101.9 0.10
3 2.999 231 0.13 0.10 0.09 0.35 100.9 0.12
M A 73215 0 0.963 0.62 0.06 0.14 0.18 0.41 100.5 0.18
% 1 0.921 0.62 0.06 0.14 0.18 0.42 99.8 0.20
2 0.973 0.64 0.06 0.14 0.18 0.41 99.4 0.18
3 0.899 0.66 0.07 0.14 0.18 0.42 100.0 0.19
X/ 20171220 0 4.123 3.27 0.10 0.13 0.27 0.60 100.1 0.30
1 3.998 3.29 0.10 0.13 0.27 0.61 99.8 0.35
2 4.034 3.25 0.11 0.15 0.28 0.60 99.6 0.31
3 4.245 3.26 0.11 0.14 0.27 0.63 100.0 0.33
Y/ 20190301 0 1.878 1.01 0.06 0.08 0.14 0.32 98.9 0.11
02 1 1.750 1.03 0.07 0.07 0.14 0.30 99.0 0.12
2 1.816 1.04 0.04 0.09 0.13 0.32 98.5 0.09
3 1.792 1.01 0.05 0.09 0.14 0.31 98.7 0.13
x5 FREGETERUMBELER
Table S Results of products from different manufacturers in frozon test

. (EED s i TR H K% o P
"% ity ¥ #E/ (ug'mL ™) apy, FHA FHB FRC BER Y% .
R (R EOEY 180512-1 0 0.997 0.74 0.01 0.03 0.06 0.13 100.1 0.05
B 25 R TR 1 0.982 0.74 0.01 0.03 0.06 0.14 99.9 0.08
A 2 0.978 0.71 0.02 0.03 0.06 0.13 99.1 0.08
3 0.900 0.73 0.01 0.04 0.06 0.13 99.8 0.05
180512-2 0 2.096 1.61 0.02 0.08 0.08 0.21 100.5 0.07
1 1.998 1.61 0.02 0.08 0.08 0.22 99.0 0.16
2 2.100 1.64 0.02 0.08 0.07 0.21 98.5 0.75
3 2.013 162 0.03 0.07 0.08 0.22 98.0 0.89
180512-3 0 3.166 230 0.12 0.10 0.09 0.35 102.1 0.15
1 3.111 2.33 0.12 0.11 0.09 0.35 101.0 0.22
2 3.000 230 0.12 0.10 0.09 0.35 99.9 0.89
3 3.128 231 0.13 0.12 0.09 0.35 99.8 1.25
PEE ARy 73215 0 0.963 0.62 0.06 0.14 0.18 0.41 100.5 0.18
I 1 0.900 0.64 0.06 0.14 0.18 0.41 99.8 0.20
2 0.898 0.62 0.07 0.15 0.19 0.42 99.9 0.20
3 0.925 0.63 0.08 0.14 0.18 0.41 100.0 0.19
X/)” 20171220 0 4.123 3.27 0.10 0.13 0.27 0.60 100.1 0.30
1 4.056 3.27 0.11 0.12 0.27 0.61 98.2 0.45
2 3.934 3.14 0.11 0.13 0.26 0.60 97.8 1.22
3 3.905 3.18 0.12 0.13 0.25 0.62 97.5 1.56
Y/ 20190301 0 1.878 1.01 0.06 0.08 0.14 0.32 98.9 0.11
02 1 1.820 1.05 0.06 0.08 0.14 0.31 98.5 0.19
2 1.786 1.04 0.07 0.08 0.14 0.32 98.0 0.81
3 1.702 1.01 0.06 0.09 0.13 0.31 97.6 1.05
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Table 6 Results of products in accelerated test
, e I £ HRDFR/ % _ ®A
K fits #H  wEE (ugmL™ B EA JRB EC B EEY% W%
WS CE sO AR 180512-1 0 0.997 0.74 0.01 0.03 0.06 0.13 100.1 0.05
ZiRH A R A A 1 0.900 0.74 0.02 0.05 0.14 0.22 99.9 0.05
2 0.812 0.73 0.01 0.06 0.21 0.30 99.7 0.08
3 0.730 0.74 0.02 0.08 0.27 0.37 98.9 0.09
6 0.800 0.73 0.03 0.12 0.38 0.55 98.2 0.06
1805122 0 2.096 1.61 0.02 0.08 0.08 0.21 99.9 0.07
1 1.898 1.61 0.03 0.10 0.17 0.33 99.5 0.08
2 1.880 1.61 0.03 0.12 0.25 0.47 98.8 0.11
3 1.813 1.62 0.04 0.14 0.34 0.53 98.9 0.09
6 1.704 1.60 0.04 0.26 0.44 0.75 99.0 0.08
1805123 0 3.166 2.30 0.12 0.10 0.09 0.35 102.1 0.15
1 2912 2.20 0.11 0.15 0.26 0.53 101.3 0.14
2 2.700 230 0.13 0.21 0.37 0.73 100.7 0.16
3 2.528 230 0.13 0.27 0.47 1.21 99.5 0.15
6 2.000 2.20 0.14 0.39 0.54 1.78 99.0 0.13
T SRR 73215 0 0.963 0.62 0.06 0.14 0.18 0.41 100.5 0.18
3 0.930 0.62 0.08 0.16 0.37 0.53 100.3 0.19
6 0.808 0.61 0.08 0.17 0.45 0.77 100.0 0.18
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Table 7 Results of products from different manufacturers in chronic test
e ity oH  WHEE(ugmL™" R - ﬁ%%ﬁ/% - % i
% A &EB O FAC BARTR 1%
BRR (REsOAEYIE 180512-1 0 0.997 0.74 0.01 0.03 0.06 0.13 100.1 0.05
iR A R A A 3 0.953 0.74 0.01 0.03 0.08 0.15 100.0 0.06
6 0.926 0.73 0.01 0.03 0.10 0.17 99.5 0.08
180512-2 0 2.096 1.61 0.02 0.08 0.08 0.21 99.9 0.07
3 1.898 1.61 0.02 0.08 0.11 0.27 98.9 0.09
6 2.100 1.61 0.02 0.09 0.20 0.35 98.8 0.11
180512-3 0 3.166 2.30 0.12 0.10 0.09 0.35 102.1 0.15
3 2.998 2.30 0.12 0.10 0.14 0.46 101.3 0.21
6 3.200 2.30 0.12 0.11 0.22 0.49 100.7 0.25
TEE SRk RZS )T 73215 0 0.963 0.62 0.06 0.14 0.18 0.41 100.5 0.18
3 0.924 0.62 0.06 0.14 0.18 0.42 100.4 0.16
6 0.918 0.62 0.06 0.14 0.17 0.43 100.5 0.17
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