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[ Abstract] Objective To prepare encapsulated clopidogrel bisulfate (CLP) liposomes so as to deal with the
poor water solubility of CLP, and to provide the experimental basis for the development of CLP formulations for
intravascular injection. Methods CLP-loaded liposomes were prepared using thin film hydration/sonication method
and pH gradient active drug loading technology. Then, the morphology, particle size, encapsulation efficiency, drug
loading capacity, Zeta potentials and in vitro release behavior were characterized. Bilateral renal arteries of Sprague-
Dawley (SD) rats were clamped with micro-artery clamps to establish the model of renal ischemia-reperfusion injury
(IRI) in male SD rats. The study aimed to preliminarily investigate the therapeutic effect of CLP-loaded liposome
pretreatment on renal IRI in rats. Results It was found that the optimal formulation and preparation technology of
CLP liposomes were as follows: the CLP-to-phospholipid weight ratio of 1 : 10, phospholipid-to-cholesterol ratio
of 6 : 1, octadecylamine-to-CLP ratio of 1.2 : 1, PEG,,-to-CLP ratio of 1 : 1, and incubation at 50 °C for 40 min. Then,
following ultrasonication of 100 W efficiency at 5-second intervals for 20 times, CLP loading was conducted using 5 mL of
0.1 mol/L citric acid buffer at pH 3.0. Liposome samples were prepared with the film dispersion method, and the pH value
was adjusted to 7.5 through pH gradient active drug loading technology. The CLP-loaded liposomes obtained in this way
had a rounded shape, good dispersity, an average particle size of (134.13+2.60) nm, polydispersity index (PDI) of
0.25+0.02, and a Zeta potential of (2.124+0.23) mV. The encapsulation efficiency was found to be (98.66+0.14)%, and the
drug loading capacity was (7.47+0.01)%. The in vitro release results showed that 66.24% of CLP was released cumulatively
within 72 h. Preliminary efficacy experiments showed that animals pretreated with CLP-loaded liposomes had lower
serum levels of blood urea nitrogen and creatinine compared to the levels of IRI model rats without any pretreatment.
Conclusion CLP-loaded liposomes were successfully prepared, which might provide the experimental foundation for
the future development of CLP formulations for injection.
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Fig 1 Effect of the amount of octadecylamine and PEG,,, (A and B) and

the ratio of egg phosphatidylcholine (EPC)/cholesterol (C) and

CLP/phospholipids (D) on the encapsulation efficiency of CLP-

loaded liposomes (n=1)
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Table 1 Effect of incubation time on particle size, PDI, Zeta potential

and encapsulation efficiency (n=1)

Incubation time/min ~ Size/nm  PDI  Zeta potential/mV  EE/%

10 168.7 0.213 2.23 93.13
20 162.1 0.167 2.03 94.75
30 155.3 0.119 1.73 95.73
40 158.8 0.167 2.03 96.00
60 156.8 0.187 2.30 94.99

PDI: Polydispersity index; EE: Encapsulation efficiency.
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Table 2 Effect of incubation temperature on particle size, PDI, Zeta

potential and encapsulation efficiency (n=1)

{grf’ll;beigfl?re/ C Size/nm PDI poter%tei;i/ mV EE/%
30 157.2 0.143 2.86 92.55
40 150.5 0.053 3.47 94.86
50 159.3 0.122 3.17 95.62
60 159.8 0.127 2.23 94.88
70 158.7 0.112 3.85 91.98

PDI: Polydispersity index; EE: Encapsulation efficiency.
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Table 3 Effect of pH gradient on particle size, PDI, Zeta potential and

encapsulation efficiency (n=1)

pH adjustment Size/nm PDI Zeta potential/mV EE/%

Inner water phase (pH3.0)

Outer water phase (pH6.0) ~ 200.7  0.074 3.34 91.83
Outer water phase (pH6.5) 160.8  0.033 2.51 94.24
Outer water phase (pH7.0) 160.8  0.105 2.35 95.94
Outer water phase (pH7.5) 167.0  0.375 2.30 96.05

PDI: Polydispersity index; EE: Encapsulation efficiency.
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Table 4 Effect of ultrasound conditions on particle size and PDI (n=1)

Number Size/nm PDI
1 137.4 0.227
2 118.6 0.218
3 109.4 0.206

1: Ultrasonication (efficiency, 100 W, 10 times at 5 s interval);
2: Ultrasonication (efficiency, 100 W, 20 times at 5 s interval);
3: Ultrasonication (efficiency, 100 W, 30 times at 5 s interval); PDI:
Polydispersity index.
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Table 5 Factors and levels

Factor
Level A B C D
(CLP : phospholipid) (EPC : Chol) (ODA/mg) (PEG,,/mg)
1 1:9 4:1 8 8
2 1:10 6:1 10 10
3 1:11 811 12 12

CLP: Clopidogrel bisulfate; EPC: Egg phosphatidyl choline; ODA:

Octadecylamine.

x6 EXIRERKRSMN (n=1)
Table 6 Results and analysis of orthogonal test (n=1)

Factor
Level = B C ) EE/%
(CLP : phospholipid) (EPC : Chol) (ODA/mg) (PEG,,/mg)

1 1:9 4:1 8 8 96.79
2 1:9 6:1 10 10 98.48
3 1:9 8:1 12 12 97.05
4 1:10 4:1 10 12 98.73
5 1:10 6:1 12 8 98.81
6 1:10 8:1 8 10 97.06
7 1:11 4:1 12 10 99.19
8 1:11 6:1 8 12 98.32
9 1:11 8:1 10 8 95.97
K1 292.32 294.71 292.17 291.57
K2 294.60 295.61 293.18 294.73
K3 293.48 290.08 295.05 294.10
R 0.76 0.30 0.96 1.05

K1, K2, and K3 are the sum of the three levels of encapsulation efficiency
for each factor; R: Extreme value; EE: Encapsulation efficiency. A-D: The
alphabets denote the same terms as those in table 5.
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Table 7 Verified results of optimal formulation and technology (n=3)

Number  Size/nm PDI Zeta potentia/mV ~ EE/%  DL/%
1 131.6 0.235 2.35 98.81 7.48
2 134.0 0.238 2.12 98.54 7.47
3 136.8 0.272 1.90 98.63 7.47

PDI: Polydispersity index; EE: Encapsulation efficiency; DL: Drug
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Fig 2 Characterization of blank liposomes: Transmission electron microscope (TEM) image (A), and size distributions (B); Characterization of CLP-

loaded liposomes: TEM image (C), size distributions (D); Appearance of blank liposomes (left) and CLP-loaded liposomes (right) (E) (scale

bars=100 nm)
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Fig 3 In vitro release profile of CLP-loaded liposomes (n=3)
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Fig 4 Model fitting of in vitro release for CLP-loaded liposomes (n=3)

A: Zero-order release model; B: First-order release model; C: Higuchi equation.
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Fig 5 Comparison of serum creatinine (CREA) and blood urea nitrogen
(BUN) levels (n=3)
***P<0.001.
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