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Effect of particle size on the oral absorption of isoliquiritigenin nanocrystals

According to the results of the single-factor 
experiments, the optimized formulation was as follows: 
ratio of organic phase and aqueous phase = 1:10, 
ultrasonication time = 1 h, and stirring time = 1 h. As 

shown in Figure 1, the secondary growth of nanocrystals 
could be effectively avoided by ultrasound after stirring, 
and particle aggregation could be prevented, which played 
a vital role in achieving nanocrystal stability. As the 

RESULTS AND DISCUSSION

Preparation of different particle-sized ISL nanocrystals

FIGURE 1 - Effect of ultrasonication time (A), stirring time (B), and solvent ratio (C) on particle size and PDI (mean ± SD, n = 3).
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Characterization of ISL nanocrystals

As shown in Figure 2, the particle size of R1, R2, 
and R3 was 542.1, 272.8, and 46.22 nm, respectively, 
and the PDI was 0.024, 0.085, and 0.127, respectively. 
However, the particle size and PDI of the ISL solution 
was 1,182 nm and 0.517, respectively. The particle size 
of the nanocrystals decreased significantly compared 

with that of the solution. The nanocrystals possessed 
different physicochemical characteristics. They were 
nearly spherical in shape and uniformly distributed; 
the mean diameter of PEG and PCL nanoparticles with 
different chain lengths was in the range of 40–600 nm.

TABLE I - Process parameters for the preparation of different particle-sized ISL nanocrystals

Sample
Process parameters

surfactant concentions 
in aqueous phase(%)

Sonicated or 
not Sonicated

Mean particle 
sizes (nm) ± SD PDI

R1 40% Unsonicated 555.7±15.1 0.16±0.12

R2 14% Sonicated at 400W for 1h 271.0±16.3 0.11±0.04

R3 14% Sonicated at 400W for 1h 46.2±0.04 0.14±0.01

proportion of aqueous phase increased, the nanocrystal 
system became turbid, and precipitation was obvious 
after placement. When the solvent proportion was 1:10, 
nanocrystals particle size and distribution was stable before 
and after filtration. In order to prepare different particle-

sized ISL nanocrystals, mPEG-PCL preparations of 
differing chain lengths were selected. The concentrations 
of mPEG2000-PCL1140, mPEG2000-PCL2000, and 
mPEG5000-PCL5000 in an aqueous solution were 40%, 
14%, and 14% (w/v), respectively (Table I).
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FIGURE 2 - Particle size distribution and TEM images of the ISL solution (A), R3 (B), R2 (C), and R1 (D).
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In vitro drug release

The drug release performances of R1, R2, R3, and 
the ISL solution were investigated and are shown in 
Table II and Figure 3. The dissolution velocities of R1, 
R2, and R3 were distinctly superior compared to the 
ISL solution. R1, R2, and R3 released 71.81%, 87.62%, 
and 80.89% within 48 h, respectively. However, only 
31.29% of the coarse ISL solution dissolved within 
48 h. Compared to the coarse ISL solution, R1, R2, 
and R3 showed a significantly improved dissolution 
performance (one-way ANOVA, p < 0.001), with the 
R2 formulation being the most superior. This suggests 
that nanocrystal technology could markedly increase 
the dissolution rate of ISL. Meanwhile, a reduction of 
particle size could increase the dissolution velocity of 

nanocrystals; however, a smaller size was not better, 
only when the particle size was approximately 300 nm, 
the dissolution velocity was the fastest. Additionally, 
there were significant effects of different hydrophobic 
and hydrophilic chain lengths, and the ratio of the 
hydrophilic to hydrophobic segment on ISL release. 
These results reveal that the formation of nanocrystals 
strongly enhances the dissolution rate and extent of ISL, 
partly due to the existence of formulation surfactants 
such as mPEG, but mostly explained by the large 
reduction in particle size via nanocrystal technology 
(Gan et al., 2017). Additionally, three different physical 
mixtures were formulated and compared with the 
prepared samples. The cumulative release curves of 
these are shown in Figure 3. These findings indicate that 
there was no effect of the excipients on the dissolution.

FIGURE 3 - In vitro release curve of the ISL nanocrystal physical mixtures R1 (mPEG2000-PCL1140), R2 (mPEG2000-
PCL2000), and R3 (mPEG5000-PCL5000), and the ISL solution in 0.1% SDS (mean ± SD, n = 3).

Solubility

The drug concentration in the filtrate was 0.07 ± 0.00 
μg/mL, almost water-insoluble. However, the concentration 

of nanocrystals R1, R2, and R3 prepared from the same 
quality drug was 1,901.78 ± 6.06 μg/mL, 1,903.73 ± 5.31 μg/
mL, and 1,908.17 ± 7.17 μg/mL, respectively. Drug solubility 
significantly increased with nanoparticle production.
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Pharmacokinetic study in rats

To further confirm the advantage of an ISL 
nanocrystal formulation, the in vivo pharmacokinetic 
performance of the ISL nanocrystals was studied in 
Sprague Dawley rats and compared to that of the coarse 
ISL solution. The ISL blood concentration-time curves 
after oral administration of the different formulations are 
shown in Figure 4, and the pharmacokinetic parameters 
are listed in Table III. As shown in Figure 4, all 
nanocrystals formulation significantly improved the oral 
absorption of ISL. This was also indicated by the results 
in Table III; the three nanocrystal formulations reached 
maximum plasma drug concentration at approximately 15 
min; however, the Cmax and area under the concentration-
time curve values of R2 were 5.83- and 2.72-fold higher 
than those of the coarse ISL solution, respectively. 
Compared to the coarse ISL solution, R1, R2, and R3 
showed a significantly improved dissolution performance 
(one-way ANOVA, p < 0.05), with the R2 formulation 

being the most superior. This indicated that nanocrystals 
of 300 nm particle size can significantly enhance the 
drug concentration in the blood vs drug solution. 
However, smaller particle sizes were not the best. The 
clearance data showed that the coarse ISL solution was 
quickly removed from the circulation system, while R2 
represented a markedly delayed blood clearance due to a 
sustained release (p < 0.01). Moreover, the differences in 
apparent distribution volume between the nanocrystals 
and coarse ISL solution were not significant (p > 0.05). 
These results were consistent with those obtained in the 
in vitro drug release experiment.

Overall, these data demonstrate that the nanoparticles 
R2, 300 nm in particle size, significantly improved the 
AUC and Cmax, and decreased the clearance compared to 
the coarse ISL solution. ISL nanocrystal particle size had 
a significant effect on the pharmacokinetic properties in 
vivo. Therefore, in order to achieve the desired therapeutic 
purpose, it is very important to screen the optimal particle 
size of the nanocrystals.

TABLE II - Encapsulation efficiency and particle size of the nanocrystals after 20 days at 4 ºC 

Encapsulation efficiency (%) ± SD Mean particle sizes (nm) ± SD

0d 20d 0d 20d

R1 95.09±0.30 92.29±1.98 548.3±2.40 535.7±13.93

R2 95.19±0.27 92.24±0.84 263.0±1.36 257.6±3.08

R3 95.41±0.36 93.62±1.98 57.62±1.31 56.03±2.03

Stability

Stability was checked by the encapsulation efficiency 
and particle size of the nanocrystals after 20 days at 4 ºC 
in the refrigerator, as shown in Table II and Figure 3. The 

variation range of encapsulation efficiency and particle 
size before and after storage was within 3%, and there 
was no precipitation in the preparations, indicating that 
the nanocrystals were relatively stable.
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CONCLUSION

In this study, different particle-sized ISL 
nanocrystals were successfully prepared by a simple 
anti-solvent precipitation method and optimized 
with single-factor experiments. The obtained 
nanocrystals were morphologically characterized by 
a spherical shape. ISL in the nanocrystal formulations 
showed a significantly enhanced aqueous solubility 
and dissolution rate in vitro. The particle size of 

ISL nanocrystals had a significant effect on the 
dissolution and pharmacokinetics in vitro and in 
vivo. The pharmacokinetic study indicated that the 
R2 nanocrystal formulation greatly improved drug 
absorption in rats after oral administration. These 
findings reveal that drug nanocrystal technology 
is a promising approach for enhancing the oral 
bioavailability of ISL. Moreover, they highlight the 
importance of optimizing an appropriate nanocrystal 
particle size regarding therapeutic purpose.

TABLE III - Pharmacokinetic parameters following oral administration of the ISL solution and ISL nanocrystals (mean ± SD, 
n = 6)

Parameter Coarse ISL R1 R2 R3

Cmax(ng/ml) 97.92±74.74 460.67±84.90** 571.17±209.77*** 488.50±177.36**

Tmax(h) 0.96±1.53 0.15±0.11 0.19±0.16 0.24±0.21

AUC0-t(ng·h/ml) 263.31±93.75 423.34±91.53* 717.35±157.29***## 540.65±120.67**

T1/2(h) 4.06±3.02 2.24±0.36 2.48±0.53 2.69±1.40

MRT0-t(h) 3.59±0.57 1.89±0.89 4.28±2.20# 2.97±1.17

V(L/kg) 0.38±0.08 0.18±0.05 0.18±0.16 0.23±0.19

CL(L·kg/h) 0.08±0.04 0.05±0.01 0.03±0.01** 0.04±0.01*

*p < 0.05 with respect to the coarse ISL suspension, #p < 0.05 with respect to R1, and p < 0.05 with 
respect to R2.

FIGURE 4 - Plasma concentration-time curves of the ISL solution and ISL nanocrystals R1 (mPEG2000-PCL1140), R2 
(mPEG2000-PCL2000), and R3 (mPEG5000-PCL5000) in Sprague Dawley rats after oral administration (mean ± SD, n = 6).
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