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Research in rheological properties of four types of
ophthalmic preparations

WU Xiao-luan, MA Jian-fang, FAN Xiao-yu, WANG Lin-bo", PENG Xing-sheng

(Shanghai Institute for Food and Drug Control, Shanghai 200131, China )

Abstract: This study is prepared to provide the basis of rheological parameters for the additional quality
standard of ophthalmic gels, the rheological properties of the ophthalmic gels and the other three types of
ophthalmic preparations. The medicines were compared through the study of the rheological properties for four
types of ophthalmic preparations. The cone-plate rheometer was used to determine the dynamic and steady
rheological parameters of four types of ophthalmic preparations. The similarities and differences of the measured
results were analyzed to summarize the rheological indexes and parameters which are applied to distinguish the
ophthalmic gels and the other types of ophthalmic preparations. (D The elastic modulus should be greater than
the viscous modulus for the ophthalmic gels in the range of the linear viscoelastic region. @ The ophthalmic
gels should be shear thinning non-Newtonian fluid with a certain yield stress and thixotropy. @ The dynamic
viscosity of the ophthalmic gels should be greater than 0.5 Pa-S at the temperature of 25 ‘C with the 50 s ' shear
rate. The typical rheological indexes and parameters of the ophthalmic gels were proposed in this article. The
determination methods are simple and feasible. The rheological indexes and parameters have an important
significance in the prescription design, production technology and quality control of the ophthalmic gels.
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Figure 1 Elastic/viscous component curves of seven ophthalmic preparations with differentshear strain at 25 °‘C and 1 Hz. A: Carbomer

eye gel (sample A); B: Vitamin A palmitate eye gel (sample B); C: Recombinant bovine basic fibroblast growth factor eye gel (sample C);
D: Deproteinized calf blood extract eye gel (sample D); E: Brimonidine tartrate and timolol maleate eye drops (sample E); F: Fusidic acid
eye drops (sample F); G: Chlortetracycline hydrochloride eye ointment (sample G)
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Figure 2 Elastic/viscous component curves of seven ophthalmic preparations with different frequency at 25 °C and 0.5% shear strain.
A: Sample A; B: Sample B; C: Sample C; D: Sample D; E: Sample E; F: Sample F; G: Sample G
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Figure 3 The classic elastic/viscous component curve with
different frequency of gels
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Table 1
tions with power-law equation at 25 'C. K: Consistency index;

The regression results of seven ophthalmic prepara-

n: Flow index

Sample K n
Sample A 58.76 0.16
Sample B 22.26 0.22
Sample C 25.55 0.28
Sample D 0.14 0.96
Sample E 0.014 0.87
Sample F 7.77 0.40
Sample G 104 0.057
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Figure 4 Shear viscosity curves of seven ophthalmic preparations with different shear rate at 25 C.

Sample C; D: Sample D; E: Sample E; F: Sample F; G: Sample G

Table 2 Yield stress of seven ophthalmic preparations at 25 ‘C

Sample Yield stress/Pa
Sample A 27.53
Sample B 3.85
Sample C 2.74
Sample D 0.13
Sample E 0.15
Sample D 3.87
Sample E 12.54
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Figure 5 Shear viscosity curves of seven ophthalmic preparations with high and low shear rate at 25°C. A: Sample A; B: Sample B;
C: Sample C; D: Sample D; E: Sample E; F: Sample F; G: Sample G

Table 3 Shear viscosity of seven ophthalmic preparations with
different shear rate at 25 ‘C
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Table 4 The comparison of rheological parameters between ophthalmic gels and non-ophthalmic gels.

x: Means doesn’t match the parameters

v: Means match the parameters;

Sample
Parameter

A B C D E F G

Critical parameter Elastic component > viscous component v R v x x \ x
Shear thinning non Newton fluid v N v X v N N

Yield stress v \ N x x N N

Thixotropy \/ \ \/ \/ x N x

Reference parameter ~ Shear viscosity (>0.5 Pa-S)) v \ V x x v v
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