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Abstract: Objective Fluorescently labeled quercetin-hydroxyapatite nanocrystals (QUE-HNC) was prepared by incorporating the
aggregation-induced quenching (ACQ) probe P2 into the crystal lattice of quercetin nanocrystals, and investigated the in vitro
dissolution behavior and in vivo pharmacokinetics of QUE-HNC. Methods The QUE-HNC was prepared by precipitation-anti-
solvent ultrasonic method, and single factor analysis was used to investigate the effects of dropping speed, probe immersion position,
ultrasonic power, and PVP K30 addition method on the preparation process. The preparation process was optimized to produce QUE-
HNC with three different sizes of 170, 250, and 310 nm. The content of QUE was determined by HPLC, the size and polymer
dispersion index (PDI) were determined by Nano ZS90 laser particle size analyzer, the Zeta potential was determined by Zeta
potential analyzer, the microstructure was observed by scanning electron microscopy, the in vitro dissolution behavior of QUE raw

material and different sizes of QUE-HNC was compared using dialysis bags, and the in vivo distribution behavior and particle
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kinetics of QUE-HNC with three different sizes were investigated in male Kunming mice by iv injection of 126 mg-kg™ and in
Wister rats by iv injection of 100 mg-kg™". The pharmacokinetics of QUE-HNC with three different sizes were investigated in Wister
rats by iv injection of 100 mg-kg™'. Results As a result of the single factor investigation, the final formulation was determined to be:
A 1:10 ratio of organic phase to water, with PVP K30 added to the aqueous phase, and a drop rate of 0.01 mL-s™ for the organic
phase. By adjusting the ultrasonic power and grinding time, we successfully prepared QUE-HNC particles with three different sizes
of 170, 250, and 310 nm, within the desired range, with PDI all less than 0.3, microscopic morphology in the form of rods, relatively
uniform size, and QUE concentration all around 0.40 mg-mL"™". Compared with the raw drug, the dissolution rate and extent were
significantly improved. The in vivo distribution behavior of the three sizes of QUE-HNC was basically the same, with the
fluorescence signal mainly accumulating in the liver area in the first 4 h, gradually shifting to the lower abdomen and spleen area
after 11 h, and the fluorescence signal intensity in the liver area and the total fluorescence signal intensity gradually decreasing over
time. The pharmacokinetic experiment results reflected the phenomenon of rapid elimination of particles, but the particle dynamics
results showed that QUE-HNC would not dissolve rapidly in the blood, with some QUE-HNC remaining in particle form. All three
sizes of QUE-HNC had a relatively long average residence time in the body. Conclusion Fluorescent hybridized nanocrystals with
three particle sizes were successfully prepared, and the nanocrystals significantly improved the dissolution compared to quercetin
API, but they still had a slow release effect.
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Table 1 Investigation results of injection speed

TN/ (mLs™D 42 /nm PDI
0.01 205.7+2.7 0.247+0.014
0.02 192.4+3 .4 0.3020.023
0.05 156.7+0.8 0.319+0.035
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Table 2 Result of immersion of probe into liquid surface
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Table 5 Results of water to organic ratio

AL E /em Hi1E/mm PDI JKFNA AU I E A HifE/mm PDI
0.25 186.345.8 0.3300.013 1:10 199.3+1.6 0.235+0.032
0.50 214.7+3.2 0.262+0.019 1:20 194.7+1.0 0.359+0.059
1.00 232.845.5 0.327+0.030
1.50 196.1+1.9 0.277+0.009 7~ A AR 5 KA I B A 110 B il 2% ) QUE-
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Table 3 Investigation results of ultrasonic power

75 D) # /% $ifz/mm PDI
20 502.7+21.6 0.474+0.039
30 364.8420.3 0.353+0.042
40 214.9+4.3 0.262+0.029
60 206.7+5.9 0.247+0.021
80 199.3+1.6 0.235+0.032
99 243.3+4.0 0.294+0.045
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Table 4 Results of investigation on adding method of
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Table 6 Results of process validation

QUE-HNC/nm  }if¥/nm PDI B /mV
400~300 313.6+3.3 0.200+0.020 -15.03+0.97
300~200 243.5+11.6  0.252+0.017 -13.40+0.70
200~100 168.0+£1.3 0.231+£0.012 -15.60+1.96
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Fig.2 Scanning electron microscope of QUE raw materials and various formulations
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Table 7 QUE content in hybrid nanocrystals

QUE-HNC/nm QUE/(mg-mL™)
170 0.40+0.02
250 0.41+0.01
310 0.42+0.01
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Fig.3 Dissolution curves
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Fig. 4 In vivo imaging of mouse tail iv quenched solution and QUE-HNC and whole-body fluorescence quantitative image
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Table 8 Particle dynamics parameters of QUE-HNC (.;::I:s, n=3)

S <R 12 170 nm QUE-HNC 250 nm QUE-HNC 310 nm QUE-HNC
AUC,, X10%p-s"em st pW-em?h 3.60£0.08 3.26+0.09 2.68+0.28
MRT,, h 8.35+0.32 7.18+0.43 7.67+0.69

F TN QUE X M it FIK BRI iy, 42 MR 2.8 270U AT ARBE, AR R 2.8 17y Cuilh S A b AT E - DA

(AT A3 . FEFR IR 2.8.17 1 B 2 ARk AT
Mg, WM EEE . ZEER RN
* J& T, QUE £ 15.5 min /2 47 i, WK 6, I 3¢
(1) QUE 7 % B B ) 55 55 B o 1) — 50, FLWg I R4
6 Ho A1 0 PR T4
2.8.4 HrifE 2R HUE Y QUE HEEE, H
AIRT T EIN200 L B97S I #3E 3 min,
e sl J S B IR FE N 1.243.54 104 15,20 pg-mL™" )
QUE L% B I 4% E“2.8.27 1 1 7 v ik

EIRFEREAARR , VT AR S G\ AL b, 49 B 26 1 5 72
N Y=7 190.9 X—2 023.1,R>=0.996 2 (n="T7) , £k 1
Yo A 1~20 pg-mL™".

285 IEHERHELEE BLHI 15415 pg-mL ' [ QUE
I35 55k HE O VA, 4 TR 2.8.27 TR 1 T ik kAT Ab
e HRC2.8. 1”5@@1@.@/«#1&@?}“%0 1dHE3
W THEH PR % 220 e 3 d, tHE H AR % .
EW*EMERSD%}4.3%\6.4%\13%; EIIEHF‘ PR
B RSD N 3.1%.7.7%4.6% , #5555 FE 75 4 H



<2850 - 475 F 128 2024F 128 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research

Vol. 47 No. 12 December 2024

A

15.582
: 1\

T T T
0 25 5.0 75 10,0 125 150 175

15.564

0 } 25 - ‘5_0’ 7_5 ’ I]IO'_(i a .1I2_5} . ]gO ‘ ‘1'7.I5
t/min
6 ZTAMIE(A).=HMmEM QUEX‘J‘EE
f(C)HPLC E B @ik
Fig. 6 HPLC specific chromatogram of blank plasma (A),
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Table 9 Pharmacokinetic parameters of QUE-HNC (;d:s,n=4)

S AL 170 nm QUE-HNC 250 nm QUE-HNC 310 nm QUE-HNC
AUC,, mg-L"h 287.69+26.96 309.00+45.27 153.27438.89
MRT,, h 3.32+0.45 5.90+0.33 4.14+1.50
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