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[ Abstract] Objective:To investigate the physical and biological stability of PEG-modified liposome influenza
vaccine lyophilized powder by influencing factor experiment and accelerated experiment and predict the validity
period. Methods: High temperature influencing factor test was carried out at (40 £2) °C, and accelerated test was
carried out at 4 C and (25 £2) °C. Physical stability was evaluated by appearance, particle size, encapsulation
rate and stability coefficient. Spleen lymphocyte proliferation test and hemagglutination inhibition test were used to
evaluate the biological stability, in which the stimulation index ( SI) and antibody titer ratio ( HI) were used as
indexes. The validity period was calculated by using the classical constant temperature method and Arrhenius
formula. Results:In the influencing factor experiment, the particle size and stability coefficient increased and the

encapsulation rate decreased gradually after placing PEG2000 (3000/6000 ) -modified liposome influenza vaccine
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freeze-dried powder at (40 +£2) °C for 20 days. On the 10th day, the SI value of each PEG group was significantly
bigger than that of the original solution group (P <0.05). The titer ratio of antibody before and after immunization
was >4 for all PEG groups; on the 20th day, the SI value of each PEG group was significantly smaller than that of
the original solution group (P <0.05) ; the antibody titer ratio of each PEG group after and before immunization
was less than 4. In the accelerated experiment, three batches of PEG6000-modified liposome influenza vaccine
lyophilized powder were placed at 4 °C and (25 £2) °C for 3 months, the sample was stable at 4 °C with minor
changing in particle size, encapsulation rate and stability coefficient, while at (25 +2) °C the particle size and
stability coefficient gradually increased, the encapsulation rate gradually decreased. There was significant difference
in SI value between PEG6000 group and stock solution group under 4 °C storage condition (P <0.05) ,and no
significant difference under (25 +2) °C storage condition. For PEG6000 group,the ratio of antibody titer after and
before immunization were =4 under both storage condition of 4 °C and (25 +2) °C. For the validity period prediction,
the values of decomposition velocity constants K at 25 °C ,30 °C ,35 °C and 40 °C were 1.039 x 10 7, 2. 649 x
107,3.574 x107°, and 4.868 x10 > d ™'
InK =20.195 -8 148.5/T (r =0.9179). Conclusion: PEG-modified liposome influenza vaccine freeze-dried powder
has good stability at (40 £2) °C for 10 days, PEG6000-modified liposome influenza vaccine freeze-dried powder has
good stability at 4 °C and (25 £2) °C for 3 months. It is estimated that PEG6000-modified liposome influenza

,respectively. The regression equation of InK to 1/T was as following:

vaccine can be stored for 2.2 years, 3.3 months and 24 days at 4 C, 25 °C and 37 °C respectively.
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PEG2000 1.206 1 £0.007 4" 1.186 7 £0.020 8" 1.284 4 £0.049 2" 1.193 2 £0.023 5"
PEG3000 1.212 2 £0.008 3" 1.179 9 £0.031 1° 1.249 8 £0.031 1" 1.186 2 £0.022 5"
PEG6000 1.271 0 £0.005 1" 1.247 5 £0.037 9" 1.333 6 £0.052 0" 1.224 1 £0.021 1"

5 PBS {4 ,a:P <0.05,b:P <0.01 ;5 FM 4 4 ,c:P <0.05,d:P <0.01
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43
do
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PEG2000 7.733 3 £0.266 7
PEG3000 8.9334+£1.950 4
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7.858 8 £2.074 8
5.9294 £0.654 6
6.070 6 £0.615 4
7.058 8 +0.631 4

8.571 4 £1.866 3
4.1905+0.2333
4.3809 +0.2847
4.761 9 £0.301 2
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JFW (M2 4 CIRTF)
4 °C PEG6000

(25 +2) C PEG6000

1.033 1 +£0.028 3¢
1.183 3 £0.005 7"
1.252 6 £0.020 4"
1.252 6 +0.020 4™

0.910 6 £0.033 9*
1.106 3 £0.029 6"
1.210 0 £0.018 7"
1.134 1 £0.011 4°

0.962 2 + 0.030 7
1.183 5 £0.008 3"
1.283 7 £0.046 2"
1.220 2 £0.031 7°

1.064 0 £0.032 5¢
1.262 3 £0.052 9"
1.396 9 £0.034 5"
1.261 5 +0.023 2"

5 PBS H L% ,a:P <0.05,b:P <0.01; 554 HLH ,c:P <0.05,d:P <0.01

R4 PEG6000 A [a] s} 6] 478 74 i 2 kb

s B 1] /A~ H

0 1 2 3
PBS — — — —
W (HA 2 4 °C{R7F) 7.666 7 +1.088 7 7.5714+1.367 8 7.9655 +1.379 3 7.666 7 £1.333 3
4 C PEG6000(001) 8.000 0 £0.942 8 7.500 0 +0.357 1 7.241 4 £0.689 7 6.897 5 +1.088 6
4 °C PEG6000(002) 8.266 7 +0.333 3 7.785 7 +0.683 9 7.5517+1.320 5 7.5324£0.769 8
4 °C PEG6000 (003 ) 8.666 7 0. 666 7 8.642 9 +0.914 3 7.9310£0.689 7 7.3333£0.384 2
(25 £2) °CPEGG6000(001) 8.000 0 +0.942 8 4.642 9 £0.206 2 4.482 8 £0.398 2 4.000 0 £0.544 3
(25 £2) °CPEGG6000(002) 8.266 7 +0.333 3 4.464 3 +0.178 6 4.1379£0.372 8 4.083 3 +0.166 7
(25 £2) °CPEGG6000(002) 8.666 7 £0.666 7 5.071 4 +0.171 4 4.3103 £0.344 8 4.166 6 £0.333 3
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25 0 10.610 5 2.3618 InHI = -4.512 x10 "1 +2.344 0 1.039
5 8.193 9 2.103 4 r=0.996 8
10 6.8155 1.919 2
20 5.3053 1.668 7
30 4.1875 1.432'1
30 0 10.610 5 2.3618 InHI = =7.160 x 10 "1 +2.341 6 2.649
5 8.806 6 2.175 5 r=0.9953
10 6.905 4 1.9323
20 6.063 2 1.792 2
25 4.007 6 1.388 2
35 0 10.610 5 2.3618 InHI = —1.106 x 10 "7 +2.333 4 3.547
3 8.141 8 2.179 5 r=0.994 6
7 7.242 7 1.980 0
10 5.5053 1.668 7
19 4.590 6 1.5420
40 0 10.610 5 2.3618 InHI = —1.680 x 10 "t +2.333 9 4.868
2 8.7399 2.167 9 r=0.994 2
4 7.8316 2.058 2
7 5.940 5 1.781 8
9 4.457 6 1.494 6
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101.44 d( 29 3.3 ) ;37 C FAREMEAE 24 d,
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