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evaluation in rats

LI Qiuyan, XIE Peng

Department of Pharmacy, Tangshan Vocational and Technical College Afiiliated Hospital, Tangshan
063000, Hebei Province, China
Corresponding author: XIE Peng, Email: xiepeng2002@163.com

[ Abstract] Objective To prepare nifedipine nanocrystals (NDP-NCs) and evaluate their
in vivo pharmacokinetics in rats. Methods The NDP-NCs was prepared by medium grinding
method, and the formulation and preparation technology of NDP-NCs were determined by single
factor experiment. The microstructure of NDP-NCs and its solid powder was observed under
scanning electron microscope. The particle size distribution and Zeta potential of NDP-NCs before
and after spray drying were compared. The stability of the spray drying granules of NDP-NCS was
investigated. The dissolution rates of the NDP raw material and NDP-NCs granules were compared.

The in vivo pharmacokinetics of NDP suspension and NDP-NCs granules were evaluated after oral
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administration in rats. Results Using hydroxypropyl cellulose (HPC-SL) and sodium dodecyl
sulfate (SDS) as stabilizers, the ratio of drug to stabilizer was 5 : 1, the size of grinding medium was
0.2 mm, the ratio of grinding medium to liquid volume was 1 : 1, the grinding speed was 2 000 r/
min, and the grinding time was 3 h. The NDP-NCs showed an irregular granular distribution, and
the NDP-NCs granules were porous and spherical. The average particle size and polydispersity
index had no change before and after spray drying. The NDP-NCs granules had good stability after 6
months under the condition of accelerated testing. The solubility of NDP-NCs in different pH media
was obviously improved. The dissolution rate of NDP-NCs granules increased significantly, and the
drug could dissolve more than 90% within 15 min. The oral bioavailability of NDP was significantly
improved after it was prepared into nanocrystals. Conclusion In this study, the nifedipine is

prepared into nanocrystals with reasonable formulation design and feasible preparation technology,
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which can significantly improve the oral bioavailability of nifedipine.
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Table 1. The screening results of stabilizer types (x + s, n=3)

- ‘ JTEO h B 48 h
K42y (nm) PDI Zetali, (mV)  KiAZSE (nm) PDI Zetaf, (mV)

0.5% HPMC-E5 4216+13.6  0.216 £0.005 -35+03 441.6+14.7  0.209 +0.004 -3.6+02
0.5% HPC-SL 396.2+16.5  0.225+0.007 —42+02 406.4+13.7  0.231+0.005 ~44+03
0.5% PVP-K30 4185+148  0.251 +0.008 -37+03 10358 +453  0.689 = 0.045 -15+0.1
0.25% TPGS 3265106  0.197+0.003 -127£05 332.7+£9.6  0206+0.004 -11.7+03
0.25% P188 984.7+32.6 05370021  -105+0.6 14368+57.8  0.637+0.031 -85+0.6
0.25% TW80 8325+235  0.427+0.012 -83+04 13475£438  0.537+0.037 -73+02
0.25% SDS 3426126  0226+0.005  -39.6+0.6 353.9+147 02170004 -395+0.5
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Table 2. The screening results of stabilizer combination (x + s, n=3)

e JEEO h J 48 h
T RV i = >
kitesr (nm) PDI Zetall (mV) Rif24> (nm) PDI ZetaH, (mV )
0.5% HPC-SL/0.25% TPGS 3349+ 11.7 0.198 £0.002 -75+02 338.1+£12.7 0.201 +£0.003 -7.6+0.3
0.5% HPC-SL/0.25% SDS 2547+ 8.4 0.185+0.002 -33.8+0.5 256.1 7.7 0.186 +0.003 -334+04
0.5% HPMC-E5/0.25% TPGS  384.8+13.5 0.219+0.005 -11.5+04 383.6+10.5 0.213+£0.003 -11.2+0.5
0.5% HPMC-E5/0.25% SDS 389.5+9.7 0.199 +£0.003  -30.4+0.2 3024 +10.5 0.213+£0.005 -30.8+0.3
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Table 3. The screening results of drug-to-stabilizer mass ratio (x + s, n=3)

254 5 FaE 7 JILEO h JitE48 h
Iip::dad Rifssyr (nm) PDI Zetadl (mV)  Rif245r (nm) PDI Zetall, (mV )
2:1 3573+11.5  0218+0.005  -31.4+03 361.8+12.7 02210004  -30.3+0.1
5:1 254.7 £ 8.4 0.185+0.002  -33.8+0.5 256.1+7.7 0.186+0.003  -33.4+04
10: 1 263.6+7.2 0.179 = 0.001 -335+02 261.8 + 8.1 0.181+0.002  -33.7+0.3
T4 HENREEWERER (x+s5, n=3)

Table 4. The results of grinding media diameter (x £ s, n=3)
AALBEERRL JCEO h JBEAS h
B (mm) KAz s34 (nm) PDI KAz s34 (nm) PDI
0.2 225.1+7.9 0.174 + 0.001 224.4+82 0.181 +0.001
0.5 254.7 8.4 0.185 + 0.002 256.1+7.7 0.186 + 0.003
1.0 203.1£9.3 0.187 +0.003 295783 0.191 + 0.002
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Table 5. The results of grinding media volume (x + s, n=3)

2R SR JCEO h TCE 48 h

A ARF L RifEs3 4G (nm) PDI RifEs3 4G (nm) PDI

2:1 341.7+15.6 0.209 + 0.002 344.1 £ 149 0.215 £ 0.004

15:1 279.3 +10.6 0.211 £ 0.001 2817 £ 12.5 0.208 = 0.002

1:1 225.1+«79 0.174 + 0.003 2244 +8.2 0.181 + 0.001

1:1.5 221.5 8.1 0.178 £ 0.002 219.3 £8.8 0.178 £ 0.003

1:2 216.7 £ 8.7 0.176 + 0.003 2147+ 6.6 0.187 £ 0.004
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Figure 1. The effect of grinding speed and
grinding time on the particle size distribution of
NDP-NCs (n=3)
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ZR (x+s, n=3)

Table 6. The screening results of curing process (x + s, n=3)

T & Ak i FibE %S

RiAR5 A (nm) PDI Zetali i (mV) R34 (nm) PDI ZetaHi {2 (mV)
BT 232.5+6.8 0.176 + 0.001 -325+02 4272 +11.7 0.226 + 0.004 -30.9+ 0.4
W5 55 T 2325+6.8 0.176 + 0.001 -325+0.2 2462 +79 0.177 + 0.002 -33.1+0.2
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Figure 2. The patrticle size distribution of
NDP-NCs
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Figure 3. The Zeta potential of NDP-NCs
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S8 MR 28 305 4 F B I >R AT HPLC 32500 72 24 1y vk
JE, IR RIE B, AR sy
Diamonsil C;g (150 mm x 4.6 mm, 5 um) , i 3l
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A RHHEE - 7K (66 :34) 5 &K A 235 nm;
FEUE A 25 °C; Wi M 1.0 mL/min; JEREIRFR N
20 uL. FFEEMELS R 7,

R7 BPBENEER (x+5, pg/mL, n=3)
Table 7. The results of solubility determination (x + s, pg/mL, n=3)

el pH 1.2 pH 4.5 pH 6.8 7K

NDP 5k 24 8.6+0.1 8.6+0.2 10.3+0.4 6.7+0.2
NDPH R FIIR & 163 +0.6 183+0.3 19.1£0.5 14.1+0.6
NDP-NCshii 55 T ik 93.7+1.6 88.7+0.8 952+1.1 91.5+0.7
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NDP 10.0 mg) 3 A 2 SWIRededs, st & oL #

e, EREMFEFR S, 10, 15, 20, 30, 2| g

45, 60, 90, 120 min IR 5.0 mLIFHATE OF £ ; ////r
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ik, SEERMZIKIE, A EBEhE N o
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Figure 5. In vitro drug dissolution curve (n=3)

*8 REMRBER (x+5, n=3)

Table 8. The results of stability tests (x + s, n=3)

e (A~A) Rife 34 (nm) PDI Zetafifii (mV) 15 minf& HE (%)
0 229.5+8.4 0.165 +0.003 -342x06 96.8 +2.6
1 233.7+10.2 0.169 +0.007 -33.6+04 954+ 1.8
2 2348+9.6 0.167 +0.003 -345+1.1 94.9 +2.1
3 238.6+7.9 0.172 +0.007 -32.80.7 95.1%13
6 231.8+8.5 0.166 + 0.005 -33.1+0.6 97.2+2.5
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EP &, M AMLVEPE CHREEH 2 000 ng/mlL ) # R
10 uL /ERPIAR, IRHENRY 1 min, FEAIA 10 uL &
AL (1 mol/L) WHENRT 1 min, FJFMA
800 uL Z Mk - &5 (5:1, vv) IREERA 3 min,
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A EP &, 1E40 CFASMETAILM, K
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K H HPLC 3L K I 259 7 £ . HPLC {235 5% 14 7]

“2.6.37 T, NDP 7E 50.0~5 000.0 ng/mL V& Jif i
BINL X R B (7=0.999 2) , NDP I3 FE 5
() KG %5 BE FIAE AR B2 RSD Y1/NT 15% (n=6) , il
FE WL 35 7E 85~115% 2 8], RSD ¥J/NF 15%
(n=6) ; MM R 30, MAEFES T NDP e
K FR A 10.0 ng/mL, 4{5HE LR 10 B, iR AE
fiH NDP ¥ 5 2 B R 25.0 ng/mL. 25812350
K H WinNonlin #7115, S50 UL#E 9, 124

R AHFESH (x+s5, n=6)
Table 9. The pharmacokinetic parameters

(x +s, n=6)

2R NDPR & NDPERES

M5 25 T 4R AORL
FRUERTTE] (h) 1.73 £0.58 1.05+0.37"
JRIEHSE (ng/ml) 4428 +94.5 799.1 + 67.9°
] (h) 58+1.7 6.2+09
N2 T IR 2367.3+3794 3684.8 +537.9"

(ng + h/mL)

E: HNDPRAA A LE, ‘P<0.05,
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Figure 6. The blood drug concentration
time curve (n=6)
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