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Accelerated stability test of sustained-release thienorphine loaded
microspheres for injection
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Abstract: In order to meet the clinical needs of long-acting sustained-release thienorphine, injectable
thienorphine loaded microspheres were developed, and the accelerated stability study was carried out to explore the
suitable storage and transportation conditions of the microspheres. Using poly(lactic-co-glycolic acid) (PLGA) as
carrier material, 3 batches of microspheres were prepared in pilot scale with emulsion solvent evaporation method.
By investigating the in vitro release of thienorphine loaded microspheres at 37, 45, 52, and 60 °C, and applying the
Arrhenius equation, the linear relationship between the release rate constant (Igk) and the temperature (1/7) was
established to obtain the equation: Igk = —8.073/T + 24.35 (R* = 0.985 3), which showed that the release of
microspheres at high temperature can be used to predict the release in vitro at 37 °C, and 52.0 £ 0.5 °C was selected
as the accelerated release condition in vitro. The quality research methods were established to investigate the
changes of critical quality attributes such as microsphere morphology, drug loading, particle size and distribution,
polymer molecular weight, and the related substances under accelerated conditions. The difference factor f, and
similarity factor f, were used to assess the similarity of release behavior under accelerated conditions. The results
showed that under the accelerated experimental conditions of 25 + 2 °C and relative humidity (RH) 60% + 5%, the
critical quality attributes of injectable thienorphine loaded microspheres had no significant change in 6 months,
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suggesting that the long-term storage condition could be 5 + 3 °C.

Key words: thienorphine; poly(lactic-co-glycolic acid); microsphere; accelerated stability test; critical quality
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Figure 2  Establishment of accelerated conditions for thienorphine long-acting sustained-release microspheres. A: Thienorphine release

from poly(lactic-co-glycolic acid) (PLGA) microspheres at 37, 45, 52, and 60 °C in phosphate buffered saline (PBS, pH 4). Lines are fitted

through the data post burst release; B: Arrhenius plot of the rate of thienorphine release from microspheres (PBS, pH 4) as a function of

temperature at 60, 52, and 45 °C (shown as circle). Rate constants at 37 °C for predicted and experimental values are shown as a solid and a

closed circle, respectively; C: Semi-logarithmic plot of the change in polymer weight-average molecular weight (Mw) with time. Thienorphine

loaded microspheres were incubated in PBS buffer (pH 7.4). n=3,x*s
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Figure 3 Release degree methodology validation-specific test
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Figure 4 Relevant material methodological validation-proprietary
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Table 1 The critical quality attributes determined in the accelerated

stability tests. f;: Difference factor; f,: Similarity factor. n=3,x=*s
Batch number Time/month Recovery percent/% 1 A
20210404 0 100.00 + 0.03 - -

1 100.7 £ 0.01 3 100

2 98.9+0.05 6 100

3 99.8+0.03 5 100

6 98.2+0.01 6 100
20210406 0 100.00 = 0.03 - -

1 101.4 +0.01 3 100

2 99.9 £0.02 3 100

3 100.7 £ 0.07 6 100

6 99.0+0.03 3 100
20210408 0 100.00 = 0.08 - -

1 101.0 +0.03 3 100

2 99.4 +0.03 3 100

3 99.4 +£0.04 7 100

6 99.4+0.01 7 100

0 month 1 month

20210406 20210404

20210408

R 285 5L, AR T R B i) ] (relative retention time, RRT)
N 0.93 I A W5 N R4 5T R-1-H Sk - 1- [ (W& Wy -2-
Y- 2 H]-1-(4,5-FF - 18,19- ~A(-3-F HE-6- FH 4 -6,
14-31. £ F ey i g - 7- 55 )- F g, S 6 5 B R vty A f)
0, REE R/ T 0.25%, L% R0 4% 5 7 bnid 4% £F
~, BEECE IR BG 0, BT 5 EE ARG . RRT 24 0.38
A S ot 2 & AR TR Y [ W 4 n, (B 6 M H A
AL 0.1%, 18 E bR A 25 i M BOR B0 2% (The
International Council for Harmonisation of Technical

Requirements for Pharmaceuticals for Human Use, ICH)

55 i U 2% JoE PRE (19 25K, IR TR PR

Table 2 The related substances of thienorphine loaded micro-
spheres in the accelerated stability tests. RRT: Relative retention

time; : The value is below the detection limit; Impurity B: An

unknown impurity; Impurity G: A known impurity

Batch Time/ Impurity B_% Impurity q% %Ratio of
%~Ratio of %~Ratio of . i
number month RRT | R T . X all impurity
impurity impurity
20210404 0 0.38 - 0.93 0.145 0.145
1 0.38 0.065 0.93 0.152 0.217
2 0.38 0.078 0.93 0.129 0.207
3 0.38 0.091 0.93 0.136 0.136
6 0.38 0.099 0.93 0.137 0.240
20210406 0 0.38 - 0.93 0.143 0.143
1 0.38 0.063 0.93 0.129 0.192
2 0.38 0.074 0.93 0.115 0.188
3 0.38 0.086 0.93 0.081 0.081
6 0.38 0.097 0.93 0.137 0.234
20210408 0 0.38 - 0.93 0.134 0.134
1 0.38 - 0.93 0.134 0.134
2 0.38 - 0.93 0.120 0.203
3 0.38 0.071 0.93 0.138 0.209
6 0.38 0.099 0.93 0.129 0.229

XN AR DS 25 A N FER 1 PLGA 43 7 i i %5 42
[ 45 B 1 B 6A Tz, Mw 4 15.0 +£ 0.2 kDa, £ 7y Bt &
218 1.50 + 0.02, i B WE Wy v M R0 S A BR A
IR % T, PLGA 70 Tl & ok KA W2 A8 1k, BTl

Figure 5 Particle morphology of thienorphine microspheres in accelerated stability test. Scale bar: 10 pm
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Figure 6 Molecular weight and particle size of PLGA in the thienorphine loaded microspheres in accelerated stability test. A: Molecular

weight of thienorphine-PLGA microsphere; B: Particle size of thienorphine-PLGA microsphere. PDI: Polydispersity index. n=3,x £
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