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Correlation Analysis of Inhalation Performance of Reduning Inhalation Solution
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[ Abstract ] Objective: To find out the correlation between information groups of delivery dose and aerosol
particle size of Reduning inhalation solution. Method: Taking chlorogenic acid and geniposide as index
components, the delivery dose uniformity was determined by a breathing simulator and the aerodynamic particle
size distribution was measured by a new generation of particle impactor. Realtime particle size distribution was
monitored by a laser diffractometers. The correlation analysis between information groups of delivery dose and
aerosol particle size was investigated. Result; Most primitive variables of two sets had good intra-class correlations,
but the inter-group correlation was not as good as intra-class correlation. After the canonical correlation analysis,
two pairs of canonical variables had significant correlations with correlation coefficients being 0. 998 and 0. 955,
respectively. Almost 90% information of delivery dose group and more than 70% information of particle size group

could be elucidated by the two pairs of canonical variables. Conclusion: There is a good intra-class correlation for
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each of delivery dose group and particle size group, but the correlation between two sets is not so good. Canonical

variables perform better inter-group correlation by comparing with original variables, indicating there is a certain

correlation between delivery dose and aerosol particle size of Reduning inhalation solution. Furthermore, original

variables of these two sets can be well predicted by the two pairs of canonical variables extracted.
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Table 1 Delivery dose uniformity of Reduning inhalation solution

calculated by chlorogenic acid(x +s,n =3)

S G T by I 5
FlumHE /]f: rfnz’1 @]/ir;x;rﬂi "’ '/LHm;Hi ﬁé/)\mﬁ;
Boy SX #,t5  0.96 £0.02 3.17 £0.20 0.43 £0.04 3.30 £0.24
Boy SX £[ith  0.66 +0.01 5.19 +0.18 2.15+0.10 8.05+0.03
Junior Boy SX 0.77 £0.02 4.72£0.19 1.84 +£0.35 6.16 £0.22
LC Plus 0.79 £0.03 3.52+0.04 1.40 £0.09 4.40 +0.09
403E 0.76 +£0.03 3.55+0.10 0.86 £0.01 4.71 +£0.38
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Table 2 Delivery dose uniformity of Reduning inhalation solution

calculated by geniposide(x +s,n=3)
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/mg+ min /mg /mg 5 [E] / min

Boy SX 5% 1.52+0.03 4.96 +0.31 0.67 £0.06 3.26 +0.23
Boy SX 21t 1.02£0.00 7.98 +0.31 3.29 £0.14 8.03 £0.01

Junior Boy SX 1.19 £0.03 6.03 £0.28 2.84 £0.54 5.09 +0.25
LC Plus 1.28 £0.05 5.67 £0.09 2.27 £0.14 4.34 +0.11

403E 1.24 +0.05 5.74 £0.16 1.40 £0.02 4.63 +0.36
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F3 KZREHIT NGIHUK (v +5,n=3)

Table 3 NGI calculated by chlorogenic acid(x +s,n=3)

L %% tﬁf & /\/ I gu{; St/aieg] mji;z St/argnegs St/aieg4 Stjlieg5
Boy SX #5ith 3.35+0.26 0.25+0.03 0.54 £0.01 1.08 £0.03 1.34 £0.01 1.46 £0.01 .99 +0.02
Boy SX £t 8.16 +0.01 0.03 0 0.10 £0 0.15 20 0.50 £0 0.97 £0.01 07 £0.02
Junior Boy SX 3.53£0.20 0.10 0.01 0.34 £0.02 0.63 £0.01 1.21 £0.03 1.68 £0.08 .25 £0.03
LC Plus 4.34£0.32 0.14 £0.01 0.43 £0.03 0.86 0.04 1.10 £0.05 0.94 £0.23 .91 £0.04
403E 6.57 £0.21 0.14 £0.02 0.32 £0.03 0.61 £0.05 0.95 £0.07 1.09 £0.05 77 +0.06
Boy SX #%ith 0.43 +0.02 0.14 £0.01 0.02 =0 44.7 £0.46 5.33 +£0.04 21.07 £0.59 .10 £0.01
Boy SX £1.t% 0.56 +0 0.23 +0.01 0.14 +0.01 76.0 0. 14 3.12 0 47.10 £0.08 .94 £0.01
Junior Boy SX 0.67 £0.02 0.24 £0.01 0.04 £0.01 58.8 +0.69 4.21 £0.06 30.72 +0.67 .84 +£0.54
LC Plus 0.42 +£0.02 0.13 £0.01 00 45.7 £2.52 5.38+0.13 25.09 £1.36 .08 £0.08
403E 0.41 £0.02 0.18 +0.01 0.16 £0.01 52.6 +1.46 4.58 +0.13 28.88 £1.57 .15 +£0.09
F4 PDEFHIT NGIWUE(x+s,n=3)

Table 4 NGI calculated by geniposide(x +s,n=3)

Boy SX #%.th 6.15+0.52 0.52 =0 1.04 £0.03 2.01 £0.06 2.45+0.08 2.73 £0.05 .84 +0.02
Boy SX £1.th 11.77 £0.01 0.05 0 0.15+0.01 0.23 +0.01 0.73 +0.02 1.42 +0.02 .57 £0.03
Junior Boy SX 5.73 £0.32 0.16 +0.01 0.59 £0.05 1.01 £0.02 2.08 £0.05 2.74 £0.12 .97 £0.03
LC Plus 8.54 £0.30 0.23 +0.01 0.69 £0.05 1.39 £0.08 1.79 £0.08 1.33 £0.09 .50 £0.07
403E 11.26 £0.32 0.20 +0.04 0.54 +0.05 1.04 £0.08 1.61 £0.12 1.86 +0.09 .31 +£0.10
Boy SX #%.th 0.82+0.03 0.26 +£0.01 0.07 £0.01 45.5 +£0.13 5.25+0.13 21.72 £0.81 16 £0.07
Boy SX £1.th 0.85+0.01 0.34 +0 0.24 0 75.8 £0.09 3.09 +£0.01 47.63 £0.12 .97 £0
Junior Boy SX 1.09 £0.08 0.40 £0.02 0.32 +£0.01 60.0 £0.51 4.10 £0.04 32.69 +0.47 .08 £0.08
LC Plus 0.69 +£0.04 0.23 +0.01 0.19 £0.01 47.1 +£2.45 5.23 £0.13 27.06 £1.28 11 £0.05
403E 0.70 £0.04 0.29 +0.02 0.24 +0.02 52.8+1.73 4.61 +£0.15 29.34 £2.67 15 £0.07
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Fig. 1  Monitoring of atomizing process of Reduning inhalation

solution nebulized by Boy SX atomizer with blue core
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n=3)

BEHAENE (x5,

Table 5 Realtime particle size of Reduning inhalation solution
aerosols generated by five atomizer(x +s,n =3) pwm
F Ak anfhZE Dy, Dso Dyy
Boy SX #5 .5 0.81 +0. 06 4.88 +0.07 11.71 £0.20
Boy SX 4138 1.30 £0. 17 3.08 £0.29 7.37 0. 86
Junior Boy SX 1.35 +0.09 3.49 +0. 06 8.13 £0.26
LC Plus 1.27 £0.32 4.67 £0.02 11.00 +0.28
403E 1.30 £0. 02 4.18 £0.12 10. 69 +£0. 33
3.4.1 [RIAHOCHT ORLARAE B A KR B AE

SN P S 2 2 P AT B G 3 1S O 23l LR 6
7o M6 TR X TRARE BHANLBEIE, 2

®6 HNEFERALNHEHRABXREN

B B MIESE REH (r >0.5) . MMAD 1 Dy, 7
TEAEARE I A OGO &, HAH C R E(r) 180. 960 5,
X —Z5 I 5 T B BE S 45 A A0 . MMAD 5
Do B r K F] T 0.912 4,5 72 W JRA4% I it Ji 7 R
[, B AL B R AR ZE R[], {H MMAD FI Dy, , Dy 2
A7 7E B R A A E O R o 4R T IR A T
M5, FEME % F0E Ja , 6 B RUBURL Y LU i 3k 2] 50%
IR 90% VL J5 , 25 S 8h J1 2 kiR f B3t A A kL
BHAWAHESE R, T FPE, 1 FPF, BHI KRB R
0.976 1,30 —FmAH X, H MMAD I FPF, #) r
IRE]T —0.990 4,45 B — #5841 K1 55, & B MMAD
K FPF /N, X — 451815 b ORI L B 1Y
. S

Table 6 Simple intra-class correlation coefficients of particle size information group

IR DKt x Xy *3 Xy Xs X6 X7
X, 1.000 0 -0.990 4 -0.646 6 0.976 1 0.377 9 -0.9572 -0.9303
X, -0.990 4 1.000 O 0.567 7 -0.948 1 -0.3555 0.960 5 0.912 4
X3 -0.646 6 0.567 7 1.000 0 -0.679 3 -0.294 3 0.567 0 0. 664 7
e 0.976 1 -0.948 1 -0.679 3 1.000 0 0.478 3 -0.929 2 -0.906 5
x5 0.377 9 -0.3555 -0.294 3 0.478 3 1.000 0 -0.490 1 -0.516 1
X -0.957 2 0.960 5 0.567 0 -0.929 2 -0.490 1 1.000 0 0.973 5
X5 -0.9303 0.912 4 0. 664 7 -0.906 5 -0.516 1 0.973 5 1.000 O

F7 BEFNEFEEHANMEREXRY
Table 7 Simple intra-class correlation coefficients of delivery dose

information group

3o % ) i F B4 i ¥2 ¥3 Y4
¥ 1.0000  -0.7850 -0.7649 -0.9365
¥, -0.7850 1..000 0 0.841 8 0.910 1
¥ -0.764 9 0.841 8 1. 000 0 0.805 5
¥4 -0.936 5 0.910 1 0.805 5 1. 000 0

H1 2 7 AT, X3 26 50 {5 B 4L 4 N R T
AR Z AR AR S A OC o A SO 5 I 1]
R R TE AR 5C T 5 3 6 A G G, UA PR T A e
55 I [ S 8 106 5 P18 26 R R 0 PO (L T e ik A
5P R SR IE A G, Tk R X R
SR OC . R WIMEAS S A L — 25 Al s 19 3 2K R
A DU 3 6 B IR Y /D A SRR 25 I )
MR o P e A R] ] A O T SR L AR 8. 4
R B B L) B AR OGP B (HOR R L
B ERR TN 55 1 4 B AT O, A B AT g
BURA S I3 AT, LA — 2 372 4l 9 20 728 (8] 10 R S Ak o
3.4.2 MORAHSC T U A AR B 2R OB 5C
Pric s 2 4 xF g8 & CV,,, CV,, 5 CV 5, CV,,;
CV,,CV,;CV,,,CV,, o 4 X it 1A% & E] 9 40 ¢ &

*8 NEAFRAMBENEFESAMNEHBRRAEXRY
Table 8 Simple inter-class correlation coefficients between particle

size information group and delivery dose information group

LIREL EPSKi Y1 Y2 Y3 Ya
X, -0.801 6 0.8921 0.718 0 0.919 4
X, 0.7642 -0.8656 -0.6595 -0.879 9
X5 0.6543 -0.6565 -0.504 7 -0.729 3
Xy -0.8512 0.8655 0.768 1 0.927 0
x5 -0.701 7 0.504 4 0.5829 0.557 7
X 0.7542 -0.9256 -0.7467 -0.860 0
X 0.7593 -0.9561 -0.7823 -0.8849

433 M 0.998,0.955,0. 817,0. 802, 55 1 Xif ML 7l
A AR R S 2 BIOKR T 4 TA] AR AR R A AH O R R, R
WIS 1 OGF i 7R A8 B (A DG PRI T Ui AL o o 7t
il b FEAT ARG S, A TR O i TR AR 2 [ Y
2y 0,347 Bartlett «” K , K 57K 7y 0. 05, 45 5 L
9. B2 XHRR A P <0. 05, i R 3,
ARG 35 5 T P X Ml A AR 4 (g P> 0. 05, 4552 Ji
TR, ARG A B3 SOOR B AT 2 X JiL 78 A
Fritie o TR 748 B b o Al b 3R 28 0 i R AH G
Mr A3 20 4 3 gL R AR B R 8, LR 10,36 11, 1
T AR 2 b v A b PR S A K, B AR e 1l A PR
M i = (R AL i - 208 /bniE 22 . W OR B 1Y 2
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XPAH G M B E R R AR Rk OV, =
5.356x, +1.663x, +0.011x; — 1.472x, +0.553x. +
1.652x, + 0.009x, ; CV,, = 0.408y" - 0.616y, -

12 HNEGEHAMARNEFRIMZINATRY
Table 12 Canonical loading coefficients and cross loading

coefficients of particle size information group

. . . B 7 A% B B AR R 28 XA A
0.041y; + 1.946y; ;CV,, = - 6.712x, - 7.527x; e
A AL CVi, CVi, CVy, CVy,
0.167x; +2.623x, +0.243x., +5.637x, — 1.696x, ;
: ‘ % 0. 885 -0.316 0. 883 -0.301
CV,, =0.214 y -2.205y, -0.300y," +2.233y, , %, ~0.842 0.320 ~0.841 0.305
£9 HAERANZENRELANADAXEEERR B 70T 0-116 m0.727 0.1
Table 9 Significance testing of canonical correlation between Ya 0. 894 -0.263 0. 892 -0.251
particle size information group and delivery dose information group s 0. 465 -0.201 0. 464 -0.192
X -0.767 0.530 -0.765 0. 506
B A Wilk” s £ I K ¥ P
%, -0.793 0.555 -0.792 0. 530
1 0. 000 82.204 28. 000 0
2 0.011 36.450 18. 000 0. 006 F®13 BEAEEEAMNARETRBEMEXNHETRY
3 0.118 17.078 10. 000 0.073 Table 13 Canonical loading coefficients and cross loading
4 0.356 8.260 4. 000 0. 082
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Table 10 Canonical variable coefficients of particle size information

group after normalization

AL EP=Yil 1 2 3 4
X, 5.356 -6.712 -6.390 -8.534
x, 1.663 -7.527 -6.729 -7.933
X 0.011 -0.167 -0.177 -1.336
% -1.472 2.623 0.533 -0.433
xs 0.553 0.243 -0.886 0.533
% 1.652 5.637 3.972 -1.394
%7 0. 009 -1.696 -3.583 1.327
R11 RHECLEREEFNEFLANANTERY

Table 11 Canonical variable coefficients of delivery dose

information group after normalization

30 3 ) B AE B A 1 2 3 4
¥ 0. 408 0.214 2.197 -2.555
Y2 -0.616 -2.205 0. 231 2.231
¥ -0.041 ~0.300 ~0.964 -1.712
¥s 1. 946 2.233 2.537 -2.981

IR B 7 2R B IR (0 2 % AR i AR i
Ji AR S 1) AT BRLAH 56 R B, 28 Bk R BRI %
B A b 55 5y Ah 1 AR R R R OC R A, LA
BT 2B A2 LA R B B W 12,13, S5 R K
PEXT T4 1 XA AR B GV, 1 CV,, T ,CV 5
x, AR OC R BE IK 0.894, 5 v, BYAHC R Em ik
0.969,CV, 5 x, MM RE =1k 0.892, 5 y, AYHH
KA IR 0.971, 3% 3R WP T AV W I
() FPF, B K, A 80w 55 o (B) G o R B 50 —
XML R AR B CV L, L GV, T 5, #EE T AR
VS IE I Do ik K, L33 3 B0 6 /DN

TUAR 53 T LA D R A% o 5 AR AR i [R) AH G Oy
flt 30 5 AR AR 20 B SR A A R S R X
-6 -

coefficients of delivery dose information group

EisE cv,, cv,, cv,, Cv,,
¥ -0.900 0. 083 -0.898 0. 080
¥ 0. 801 -0.593 0.799  -0.566
73 0. 696 -0.521 0.695  —0.498
Ya 0.971 ~0.216 0.969  -0.206

Ji R AR SRR T 2 H A b S Bt E A, L
J2 1 vy 780 A g T D G A R 0 R UL 14, 4
BRMAAREEANS 1,2 A& CV, M CV,,
Sy R RE TORLARAE Ly 2211 60. 8% F1 13.1% , ji
1T 73.9% , KUK B ALE B 1 73.9% vl LLgk A
B R AR 5 CV, R CV,, BT BESE ;T CV,, Fil CV,,
Gy R T ORLAR AR A U7 22119 60. 6% Fl 11.9% , &
11 72.5% , R UIRAR (G B AME B 72. 5% n] LU X}
D7 (B R AE B CV,, FL GV, BT ESG o [A) B, 326 3% 741
B 4UE B 88. 8% g4 H B LA AR i CV,,
I CV,, T 4G ,87. 1% (13 2% 57 18 5 B 4115 B BE 1%
Bl 1 B R AR B IR o B LR A S A N %
FR A 22 Ay M TR A S R ASC R L T T A A 2 N
JE AR A e, W AT T B0 X 4 N R R AR
F14 ANTEHTRAH

Table 14 Redundancy analysis of canonical variables

NSRRI s Ay X D i 75 A%

a5 ik R 189 77 22 Lo A1 i B 09 97 2% E

RLAE R CV,, 60.8 cv,, 60.6
CVi, 13.1 Cv,, 11.9

125 3% 59 1A U CV,, 71.9 cv,, 7.7
CVy, 16.9 CV,, 15.4
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