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Preparation of dry powder inhalation of yuanhuacine and its tissue distribution in

rats
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!School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023;° Jiangsu Collaborative Innovation Center of Chinese
Medicinal Resources Industrialization, Nanjing 210023;  Anhui University of Chinese Medicine, Hefer 230000, China

Abstract The aim of the present study was to increase distribution of yuanhuacine in the lungs and achieve the
purpose of reducing toxicity and increasing efficiency. Therefore, yuanhuacine was designed to be dry powder inhal-
ers innovatively and directly delivered to the lungs. Accordingly, inhaled lactose was used as a carrier to adsorb
yuanhuacine on the surface of lactose. Fine particle fraction ( FPF) was utilized as evaluation index to filtrate the
optimal prescription for pulmonary administration. Besides, an UHPLC-MS/MS method was established for the anal-
ysis of heart, liver, spleen, lung, kidney, brain and reproductive system of rats. Intravenous injection was taken as
reference to investigate the distribution of yuanhuacine and calculate relevant targeting parameters. The experimen-
tal result indicated that the prescription (rough lactose : fine lactose =10 : 1) has the highest FPF, which can be
chosen as the most suitable prescription for pulmonary administration of yuanhuacine. Moreover, by comparing the
distribution of yuanhuacine through pulmonary administration and intravenous injection, it was found that the
concentration of yuanhuacine in the lung tissue was greatly increased by pulmonary administration, which
decreased the distribution in heart, liver, spleen, kidney, brain and reproductive system, thus sequentially reducing

the toxicity in other tissues and increased the efficiency.
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Figure 1  Detailed deposition of yuanhuacine dry powder inhalation
(DPI) with different prescription in next generation pharmaceutical im-
pactor( NGI) device (x +s,n=3)

The particle size of each layer:Stage 1 ( >8.06 um) ,Stage 2 (4. 46-
8.06 pwm) ,Stage 3 (2.824.46 pm) ,Stage 4 (1. 66-2. 82 pum) ,Stage
5 (0.94-1.66 pm) , Stage 6 (0.55-0.94 pum), Stage 7 (0.34-0.55
pm) , Stage 8 ( <0.34 pm)
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Figure 2 Fine particle fraction( FPF) of yuanhuacine DPI with differ-
ent proportion of fine lactose
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Figure 3 UHPLC-MS/MS chromatograms for yuanhuacine and IS detection in tissues
A :Blank lung tissues ;B :Blank lung tissues spiked with standard solutions in LLOQ; C; Lung tissues sample obtained 0. 5 h after intravenous adminis-

tration of yuanhuacine ;D ; Lung tissues sample obtained 0. 5 h after pulmonary administration of yuanhuacine

Table 1 Regression equation, correlation coefficient and linear range of yuanhuacine in rat tissues

Tissue Regression equation r Linear range/ ( ng/mL)
Heart Y=0.002 18 ¢ +0. 148 91 0.9957 2-500

Liver Y =0.004 00 ¢ +0. 122 04 0.994 5 2-500

Spleen Y=0.003 96 ¢ +0.019 11 0.996 7 2-500

Lung Y'=0.005 09 ¢ +0.225 64 0.994 0 5-20 000
Kidney Y=0.005 18 ¢ +0.151 93 0.994 0 2-500

Brain Y =0.003 66 ¢ +0.060 98 0.995 1 2-500

Uterus Y=0.007 06 ¢ +0.016 34 0.995 3 2-500

Ovary Y'=0.008 60 ¢ +0. 087 35 0.994 4 2-500

Testis Y =0.004 84 ¢ +0.102 50 0.994 3 2-500

Table 2 Intraday and interday precision of yuanhuacine in rat tissues determined by UHPLC-MS/MS(n =6)

. o/ Intraday Interday . ¢/ Intraday Interday
Tissue . . Tissue . .
(ng/mL) precision/ % precision/ % (ng/mL) precision/ % precision/ %
Heart 2 6.2 6.7 Brain 2 3.7 3.9
75 5.3 5.2 75 2.4 3.2
400 3.4 3.6 400 2.2 2.7
Liver 2 6.3 5.2 Uterus 2 4.4 4.2
75 3.2 3.9 75 1.5 2.5
400 3.1 3.8 400 3.2 3.9
Spleen 2 5.6 6.3 Ovary 2 5.3 5.9
75 2.2 3.3 75 3.2 2.6
400 4.8 4.1 400 2.8 2.9
Lung 5 4.9 4.5 Testis 2 3.7 3.2
1 000 2.5 2.1 75 3.2 2.8
16 000 1.2 1.7 400 2.1 2.9
Kidney 2 5.9 5.2
75 4.1 2.1
400 2.9 2.3
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3.2.4 Bk ERE R R R SR ES
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Table 3 Extraction recovery and matrix effect of yuanhuacine in rat tissues (x £s,n=6)

Tissue Added/ (ng/mL) Extraction recovery/% RSD/ % Matrix effect/ % RSD/ %
Heart 2 82.31 £2.34 2.8 96.25 £5.12 5.3
75 80.52 +3.45 4.3 101.02 1. 20 1.2
400 84.44 +2.21 2.6 94.93 £4. 17 4.4
Liver 2 80.82 +4.25 5.2 97.51 £2.61 2.7
75 77.21 £2.31 3.0 94.27 £4.10 4.3
400 83.72 £3.30 3.9 100. 02 2. 11 2.1
Spleen 2 78.47 £2.15 2.7 93.15 £6.27 6.7
75 80.24 +1.92 2.4 98.30 £4.13 4.2
400 82.70 +4. 10 5.0 95.77 £5.35 5.6
Lung 5 76.12 £1.39 1.8 96.21 £4.79 5.0
1 000 80.17 +2.81 3.5 97.28 £3.42 3.5
16 000 81.62+1.85 2.3 98.92 £2.91 2.9
Kidney 2 82.16 +1.21 1.5 95.53 £5.27 5.5
75 80.47 +4. 18 5.2 98.17 £3.77 3.8
400 81.27 +3.71 4.6 94.79 £4.74 5.0
Brain 2 80.31 +4.22 5.3 94.35 £3.90 4.1
75 79.15 £2.63 3.3 98.24 £3.73 3.8
400 83.74 £1.47 1.8 95.43 £4. 61 4.8
Uterus 2 79.94 £3.91 4.9 97.08 +£5.31 5.5
75 78.74 £3.12 3.9 98.27 £3.55 3.6
400 84.10 £2.10 2.5 96.72 £6. 16 6.4
Ovary 2 80.33 +2.44 3.0 95.27 +4. 60 4.8
75 81.17 £3.22 4.0 98.75 £3.15 3.2
400 82.51 +1.77 2.1 97.69 £4.02 4.1
Testis 2 78.27 £2.32 3.0 97.22 £4. 61 4.7
75 83.70 £2. 10 2.5 99.04 £2.21 2.2
400 84.27 £1.92 2.3 96.27 4. 13 4.3
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Figure 4 Tissues distribution of yuanhuacine in rat after intravenous administration and pulmonary administration (x +s,n=6)

A:Spleen;B:Lung;C:Kidney;D:Reproductive system
*P<0.05," " P<0.01 vs intravenous administration
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Te jZ[F)—Fh 25 2577 SUAERL A 2P iy AUC 5

JEFEH LU AUC /Y HUAE, B Te = AUC,,/AUCyyy,
Horp TT FR #8214 (targeting tissue ) ,NTT 7R 3E
HUZH 21 (non-targeting tissue)

R, iR es 254 5 Ik 25 25 20 Te 1Y LLAE., g
TRV AR AE i 718 2 245 ZH AR T #5 k 2 24 2 A il
AR LEFEE

Te LUK R, WL 4, R0 T B IR R S,
IRl 26y 245 2EL o e 14 8 ) P 55 ok 2 245 2 AH B2
E R i

Table 4 Lung targeting efficiency (Te) and relative targeting efficiency (R,.) of yuanhuacine DPI with pulmonary administration and intravenous ad-

ministration (x +s,n=6)

Targeting tissue/Non-targeting tissue Te ;) Te,, Te,)/Te,
Lung/Spleen 5.86 +1.06 94.41 £8.64 " " 16.41 2. 13
Lung/Kidney 2.73 +£0.75 935.66 £257.09 " * 367.37 £136.73
Lung/Reproductive system 10.86 £ 1.77 604.32 £31.20* * 57.14 £11. 06

Te,) :targeting efficiency of pulmonary administration; Te ;, : targeting efficiency of intravenous administration. ** P <0. 01 vs intravenous administra-
tion

N =L 2 A\ ZE Y3 = N
PRETENIN Vet e UAL T T IR 2 25 o AEASTE AT it

ABTFEH A FUR BB st e /B R Y DPL 554K
PEBE ARG E PE R DT A5 FLRAE Il 2 245 4 77 1) 2
A, SoE el HIR G R T4 25 st NGI
PR 25 25, 71 5% A4 7 ) FPF i

FEEI MR o A F5 & T LA NG 2
PR PIRE L, 2585 FURHR & WU F1 7595 #8
XF DPL ) FPF A5 — & B2, I LSS AEBR F DPI
Ak T3 G 8 3 75 25 5 22 R A RE AT H A AR
a5
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K0 2 A 5EAE 1 Y DPT AR J7 T K B A i 8
2525, X SEAE TR AR N 20 M 07 TR B FE 4 R 3R
W], 2GR R U N B AR 7R P T
BBl T 2 AR RGR R RIS R i Se e T
BAG A LR TR ALl LBk BE(6: 1)
CRE-—F@ N BE(8: 1) L lE- " P ke (9: 1), Ko
ZME- T e (8: 1) I 114 A O 70 A o s R 12 B
[ S 3T /N ) R ST AU, OHRE AHG A BGH 590 5
LnedSAY SRR I Ny A ERAAT S O e S
8 3 i 205 245 14 75 CRE A8 KA s 56 AE 1 PR 7 i
AL , kb 1 AR JIF JBVE A AR5
ARG A, FEAR T X AR R b, 1R T
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