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Effect of atomizer pressure on the in vitro atomization characteristics of
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Abstract: Objective To study on the influence of atomizer pressure on the in vitro atomization characteristics of Shuanghuanglian
inhalation solution (SHL-IS). Methods The uniformity of delivery dose and aerodynamic distribution of SHL-IS after atomization
under different pressures were measured by a respiratory simulator and a new generation of particle impactor. The correlation
analysis and multiple linear regression analysis between information groups of delivery dose and aerosol particle size was
investigated. Results There was a strong negative correlation between pressure and mass median aero-dynamic diameter (MMAD)
and a strong positive correlation between pressure and fine particle fraction (FPF), delivery rate, delivered amount and total outgoing
amount. Significant variables of correlations were extracted and regression models were established to predict pressure, FPF,
MMAD, delivery rate and delivered amount. Conclusion The atomizer pressure affects the in vitro atomization characteristics of
the inhaled solution and its clinical efficacy. It is suggested that the atomizer standard should be strictly followed and the use of the
atomizer should be standardized.
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FRLAR R LA IBIA RN BT SR
PR (AR TR ZE D) 5. AbT5 sk
FYERL. FAREE SRR SR DL R A T M E
FEAE 252617 CQAs, AT ELEEFZ R I
PRIT RN, A, FDA fE i 28700 B i ik B 45
W H AR HAE IR KRBT 7 P I S B R, 78
PRAE R E F A B E R R E S ORI R

FARN LS BT — ok 25 e A N SR IR
A, RO (BEE) WA ZPmiEREE . 1R
P e B R BANR],  H AT IR FH A%
Al NSHR FEAL S (et nebulizers). #8775 F AL 2%
(ultrasonic nebulizers) FHEz i fL 55 2% (mesh
nebulizer) Blo AN[A] 1) 55 A4, 25 B G] [5]— V804 i 77 P 42
RERIAHHIA,  H AT 5028 B 70 2 AN [ R 2
SRR PERE X LI, A SR 55 A 4% S A0 R okt
BN ERAR AT DL RGBT TR S AT 7T
IR IE -

MEEIT A AR 5. 0 3 sk 254
G SR ARTT RO 3 R T T MPIRGE B AR T
A 30 ZAEIMKRHZ P s, J7hBARAETER 98 75
TG HHUTERAS, XEHRO B 2R, #
NEY), wmEETE, KTIEMH, JFREEPURE .
15K R, ERIRE, PETROE, REREIE PR, X
REEFILA, KTIHOKIMEL B2, —230N
E2, 2lla, Abmht, LEivisE. &
BN T BARLGBERT TR, XORIERA P
PO BE A R S VR R, REIPIR RS, THAL
WIRATH RGN, YR L IR TR G, &
PRI 7%, WA PR ZR RS 0 LB B e AT 25 D)
SRR, AADIERAE X EOEE R F AN TS
TNGa 2567 W 2R G I B SRR TE ), SRR
JERRCE, FTEER TR, IR, AR X
[V 5 il = 11 Y 6 0 5 oL /N 1 T o EPR )
WAL 2 BRI BT . XS A A4S
SRR FEARIERD, N T X IE RN G
(Shuanghuanglian inhalation solution, SHL-IS) [T
RASHERIGAKYE, ASZILL SHL-IS AR R,
RS R TH BN GIRTR, B THBNT
B, A R ST, SRR R
A B WNHERR g R bR ez 4, 0 5E [R]— X
NBEHRAEE R~ AR U BEARF L%
G 7P A BRI Rk R 3 — 1t 3N
RiAR Al . DL IE IR ) — R RS U E Jyiis

FIEH, FREFERES A NRRE, FEXE
71 EEFRE . RAARHATHESWE T, DUHSHRE
JIREIE TG, KR R A e .
1 {5

126011 =80 AH (AR, EE 2 AR,
598, A3NESS, HIRAE, DAD f&ill#s, Openlab
CDS 2.0 T3 T ARG 2SS 30 )12 R 7 A e K
T —Ahdi#s (next generation impactor, NGI),
Copley A ], 4% LCP-5 H45 %, TPK-2100 ifi &
Tl ay AHBE . BT R FE B CITDA;
BRS2100 FEIRAEFZS, Copley Ao

SHL-IS, B, &EHm (B 2t
B RAT, b5 YJ-191212-02 (Z), ##& 10 mL;
FAA, JEMBREIT R R AR AT, HA03
Al XS SREER (S 110753-201817, &5
£ 96.8%) WHEER (HHE*5 110885-201703, &4y
$99.7%). FEIF (S 110715201821, iy
5 96.8%) EFMIF (A5 110821201816, JFiE4s)
£95.1%), HE 52 S e T B SER R KA
ik, HPAZEA 18.2 mQ; HARRK 4 Hraliak
itk af,
2 FAEMER
2.1 HPLC MEFEREN
211 ks o H R Ultimate® XB-Cis
(250 mm X 4.6 mm, 5pm); PLZJE-0.2%MER 7K
WIBCNTAAE, BEATERESENL: 0~10 min, 7%~
12%ZE: 10~11 min, 12%~16%ZJE;: 11~35
min, 16%~17%Z}5; 35~50 min, 17%~30%Z.
i 50~60 min, 30%Z.Ji; ZRJEREE. WNHERR. 3%
LRI 324 nm, BRI 210 nm;
FEIR 30 °C; AR E 1.0 mL/min; #EAEE 10 pL.
2.1.2 XTHESER BRI S i HCER R R WM HERR |
B IERME R RS R, REME, N 50%
W) B S R BR 20 pg/mL WNMERR 10 pg/mL. 35 %
H0.25 mg/mL. ZEFE 20 ng/mL BXF 8 AW,
REAT, RS IR A S
213 BB SIS K SHL-IS 1
mL, & 20 mL fEEHT, H 50%H & 22
B, BB, e, EUERE, BPAS RS AR
214 RGEFHMILS  BURA S ARG
AR 10 pL JEANRAR R, oS B L
1. BHSRER. IHERR . FEXH . S ik,
FATEIER S B EYRT 1.5, DIt B
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1 STEB& (A) #0 SHL-IS #5% (B) A HPLC
Fig. 1
SHL-IS sample (B)
BRECKT 2500,
215 ELJEMESLS % SHL-IS AL J7 43 il il £k
T8 EREERAE . ORI MRS, dR R 2,137
TR J7 1R B BV, 2R “2.1.17 TR
AR E, oIk, K 2. 5K,
TEZRIAIR . WNHERR . B35 H . M Higkh, BT
Pl I, PRk, A SR SRR . IR |
TOESE R I E T
216 MK AREE KEEIAFMERM LR
R WMMERR . R, RN VA, o E
T 10 mL &, I 50% BB 2 %05, 4 Hlfid
R TR R R N 0.218 1.0.436 2. 1.091.2.181
6.543. 10.91. 17.45. 21.81 pg/mL, WIHERR 5 &£k
FEN 0.102. 0.204. 0.510. 1.020. 3.060. 5.100.
8.160. 10.20 pg/mL, EEHREIREN 0258,
5.160. 12.90. 25.80. 77.40. 129.0. 206.4. 258.0
ug/mL, ERMEFEIRE N 0.190 2. 0.380 4. 0.951.
1.902. 5.706- 9.510. 15.22. 19.02 pg/mL ] R 5iE
A 0T BRI o % “2.1.17 TR i S HEREI E
DUR B EEARALFR (0, WA AR (V) i
ATANERNA, 15FRE A AT NGRS Y=
32.114 7 X+0.007 8,7=0.999 9, 2k V{5 [ 0.218 1~
21.81 pg/mL; WIHERR Y=58.225 9 X+0.006 8, r=
0.999 9, £METEE] 0.102~10.20 pg/mL; FEXH Y=

HPLC of mixed reference substances (A) and

210 nm
N L)
ke
AN L ~
i
_J.J‘[,-",‘ -
,_L\;_AU\A:‘ ~ VS NN
4
324 nm
2
3 | a
E b
| - .C
B M d
e —
) ,,“ | P || N
i ,|LQUL‘||_;,, Y S |V — ,f
0 10 20 30 40 50 60

t/min
a-BUERMAI SRR R b-IREX S c-SHL-IS Hf&  d-
BOERMPAVERE M - GREATERIERE S BR B BITERE
a-negative sample without Forsythiae Fructus and Lonicerae
Japonicae Flos b-mixed reference substances c-SHL-IS sample
d-negative sample without Forsythiae Fructus e-negative sample

without Lonicerae Japonicae Flos  f-negative sample without

Scutellariae Radix

2 SRE¥EE&. SHL-IS ##R KA M#&A HPLC
Fig. 2 HPLC of mixed reference substances, SHL-IS
sample and negative samples
21.844 6 X+0.0402, r=1.0000, £t 0258~
258.0 pg/mL; XM Y=34.567 0 X+0.034 1, r=
0.9999, Z&MVE 0.190 2~19.02 pg/mL.
2.1.7 KEEFEEARE  BUE AR, k2.1
TN i KR ESRE 6 K, THE SRR AR «
TS R IETRIAR T RSD 235 0.3%- 0.1%-
0.1%-+ 0.3%, 3¥I/NT 2.0%, ULIACERG % T RIT.
2.1.8 HEEMLE  HUE—HE SHL-IS 6 4, 737l 4%
“2.1.37 WUR J7iE 2 il VR, 4% “2.1.17 TR
B kR e, THESZER I EIREN 0333 4
mg/mL, WIHERR R RN 0.174 3 mg/mL, & %FF
JR IR EE N 4.158 mg/mL, EMEF IR E N 0.362 0
mg/mL, RSD 73515 1.3%. 1.1%. 1.0%. 1.4%,
BT 2.0%, RHZTIEEIERL .
219 FoEtALE  HUE—# SHL-IS il s
E=EI TRE, 7aERIEE 0. 4. 8. 12, 24,
48h, % “2.1.17 Wi Nk le, 25 RaEmR .
IO\ B 25 | M U T AR ) RSD 43514 0.3%
0.8%-. 0.3%- 1.1%, ¥I/hT 2.0%, TR
TAE 48 h NAEE.
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2.1.10 IEEEICERIREE R B R ) e SR
ORERR . PR R S &) SHL-IS, A SR
HU SHL-IS A& SEAHSEI0 B A, 3% “2.1.37
TR G R A, AT 6 0, % “2.1.17
T R 2 AR e, MR R . SR ak
JRFR. WNMERE . REESTE. EEETE AR InAE E
24 100.3%+ 99.7%- 100.9%. 98.9%, RSD 73
BN 1.6% 1.2% 0.9%- 1.9%.

22 BUB[ENMNESHHENRES RN
221 XERBSE EEUNGIAXASBATIE , AFUR
FOA 15 L/min, Z2AVEH £5%, EAHIEEEFH S C
JE 90 min JE A TEAED, B SHL-IS, #8241, F%
WeEY 2 mL, BEMAIEES, #1750 RAJAER
78 HA03 U EALES, NIRRT ENE .

222 WAL SUMAREEH 50% CEHE D,
WARTEVEE T 25 mL &I ERLAs5 N Tk,
NGI {X#E 1 1~MOC UL 7> A 50% B
e, WEEVERET 5 mL &

223 FHBENFEE W “22.17 DR TEL
FANAS, WELSE, Dl E s e N
0.3+ 0.6, 1.0, 1.3, 1.6bar (1 bar=0.1 MPa) #4T
ZAK 15 min, %I “2.2.27 TR J7iEd] & AL A
WM, GERCES S5 N T IME K NG & ZRIEW, 1%
“2.1.17 BUR I ENE R P 2R R R | P

HHEME & 8. SRs) )RR AT I 2R bR
NTRAIRL 77 & (fine particle dose, FPD). 4t
T340 (fine particle fraction, FPF). Ji & {H=TS
#7115 %i1% (mass median aero-dynamic diameter,
MMAD ) A1 JL ] 45 #E fi 2 ( geometric standard
deviation, GSD). 545 HiHHed%il HPLC Jl5E 45 R
FAZ| CITDA #nth R4, 1HEA S ERiErR
HfE

224 FARBENIFRARSAT S LASREIR . Wk
2. #EIF. EMTT, FPF. MMAD #1 GSD )
M 5E 25 3 WK 1. MMAD Sl 7 ik B AR R A2 7K
FACTORERL AR RN R E ORI B, — AN
1~5 pum FRORE AT DAE T IR E AR TR, 5~10
pm FPRIORE AT LAZE B RFIRGETTAR, KT 10 pm 3
FECVEAERTER IR, /ANT 1 pm 50K 8 PP I HE H
A Horp 1~3 pm (0K AT PLUTARFEGH /N SO
ity 55 R IR, 1 3~5 um MR H BEVTER
ERBSE . CREHE LML, FPF R
A DALE RS ORI o5 B A o ER e &5 S m
FABE SN 034 0.6. 1.0 bar I AE R A
R 2 BOUORLE IR, ZALAs 57008 130 1.6 bar
IS 77 A PR S ROk 2 B TARAE B, BEHBEE
FALER TN, Z5 A 7 AR R SV R TR Bk,
DUARHRAL H b PPIRGE AT T RPIRGE TR N o

x1 D3URER. MHE. BE5E. EREHTNESHNESHUNEER (X£s,n=3)

Table 1 Results of aerodynamic particle size distribution with chlorogenic acid, cafferic acid, baicalin, and forsythin (X £ s,

n=3)
R/ FPF/% MMAD/um GSD
bar  SGEER  WIMEER  HEE AT SER O mER  mEE ST SER mMR mET ElE

03 13.1+6.4 13.5+£7.1 13.1£8.6 13.1£6.6 10.9+3.8 10.84+3.9 10.9+42 10.9+3.8 2.2+0.6 2.2+0.8 22+1.2 22+0.6
0.6 35.6%+0.3 357£0.2 355+0.1 36.5+03 62+0.1 62+0.1 6.2+02 6.1+0.1 1.9+04 1.9+0.5 1.9£0.5 1.9£0.3
1.0 403+04 403+04 403+04 41.6+0.2 58402 58+02 58+02 57+0.1 2.0+£1.72.0%£1.720+1.7 2.1+1.8
1.3 54.0%3.5539+3.554.0+£3.5542+0.0 45+3.1 45+31 45+32 43+2921+032.1£0.3 2.1£0.1 2.1£+0.6
1.6 551+%23549+1.9 552422 551423 44423 44+19 44423 44+2321+1221+£0821%1.12.1%+1.2

2.3 BEFIEH—HANE

WRC N T ) 326 71) R 48— P A 4 i 16 Tl SR N i
e . BUSHL-IS, FAREAIER %I 2 mL,
BENEEY, EESIEE . AU E 5P
PAEE, T JE PR AAES, R AR, 43
B EALERE S REN 031 0.6+ 1.04 1.3, 1.6 bar i
TEA. B EACERI TAER E ¥ E N 60 s, (LRI
TEIR IR IGIT JHEh AL 8s . FALEE G, KM EL

a5, HUHJERE (F1D BT 50 mL 08, 1 50%
LY 5 mL, JRHE 60 s. {EJEACSE B i E —5kH
(FINELR, K254k 14 min, FAbTEEE, AR,

BN (F2) FIREHJERE (F3) 737 & T 50
mL FOEH, 1 50%4 4] S mL, JRE 60s. I
VBT BIEEAL E 10 mL 2, B5 0848, I 50%
LIERMBERZE, 1w SAF. FIFER gL
B 50% BV MUEE R 25 mL 2, I 50% L
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Wik B ZIEE, R, & “2.1.17 WUN ik e
B ERRER . WNEERR . IS HANEM TSR, F
ﬁ%i%%%%%i%%%ﬁ@%%ﬁﬁﬁ%ﬁ
#, F1 B4R F2 JEAR USRI 25 i B id
B, F3 UM RN 25 Y S BN A, AR

Z I [A) B Dy i B 5 B IR T R A BB
A CALRIRIR . WIHERR . S ElE
IR AR L IR S AT R I E A R LA 2.
385 1K A AN IR S R 55 A 2 PRV AR f) 77 L 2
A H 22—, A RS 01 26 B AL LE AN R ek
BONERIRNRR B, o] e Z A R rp AR
FEIRN 25 WD I B2 L IR N e BN 24 ) s B 2 1
BEAIS T 45 5 RN, R AR S T FA IR
w2 SAVRIRER. IIHEER. REH.

BT RS R

F] N Ak 284 HH D 2R (1) RN, BRI S5 28 S5 A0 R T8 B
Ik SRR T IR F A 2 AR 2 T
IP SR T AEZ R, BT EA A
JIr T B 2540 REL 2
24 MEXMSH

FHICME S i s SCRLAR (S B4, B Ss %
Kii2 A i) FPF. MMAD. GSD; & X i#i%5i &
G, BFEHRER., BIELEMIFH LR, X
2 AR AT M E BT A 2 e e RLE 20 b, 7
SPSS 22.0 *F- 5 - 5EH .
2.4.1 AT CAERIRTE, B S5hifE
5 RN ) 3 16 770 (5 S 2 9 A i 2 TR SR R
ST B R 3. 4. HIER 3 ATHN, XFIEAE
FIBH—MNEER (Xts,n=3)

Table 2 Results of deliver dose uniformity with chlorogenic acid, cafferic acid, baicalin and forsythin (X + s, n =3)

ivall IHI% I /(ug-min") IhI% S g W B g
bar ZRJEER  MIMERR  EEE EME SUER WieER BAH XY AR IR R Y
03 16.1%£24 83%£28217.3%£2918.1%£1.5103.5+03 54.840.1 1370.2+0.2 115.7+£0.5 0.3 0.2 9.0 0.0
0.6 22.0£5311.9£5.0290.7£4.927.1£54129.4+8.0 69.7£8.71708.5+£8.2159.9£79 1.0 0.5 16.3 1.1
1.0 34.1+£6.518.7£0.7 482.21+6.8 46.24+8.0 162.5+2.1 88.51+7.82109.1+2.2199.7+£0.7 3.8 2.0 51.6 4.7
1.3 332+6.918.5£6.4439.94+7.141.1+6.7178.83.3 99.71+3.02366.94+3.52199+3.1 4.6 2.6 62.2 5.8
1.6 34.7£0.1 19.3£0.5457.01+0.1 43.24+0.1 183.6+1.9 101.7£2.6 2423.24+2.0226.5+2.0 574 31.7 749.6 69.4
#z 3 SHLUREE. WHER. JREE. EREITNEADSNERESARBEEXRE

Table 3 Simple correlation coefficients of pressure and particle size information group with chlorogenic acid, cafferic acid,

baicalin and forsythin

¥ SRR I A ET

[E71  FPF MMAD GSD [k/; FPF MMAD GSD Jk/j FPF MMAD GSD Ji/; FPF MMAD GSD
71 1.000 1.000 1.000 1.000
FPF  0.946" 1.000 0.946" 1.000 0.948" 1.000 0.940"  1.000
MMAD -0.874 —0.976™ 1.000 ~0.874 —0.977" 1.000 ~0.874 0976 1.000 ~0.982"" ~0.869  1.000
GSD  0.038 —0.225 0420 1.000 0.008 -0.246  0.446 1.000 0.008 —0.243 0447 1.000 0.026 —0.243 0415 1.000
"P<0.05 "P<0.01

®4 OAUREER. MHE. JBEE. ERETNENSEERFEFEDARBEXRY

Table 4 Simple correlation coefficients of pressure and delivery does information group with chlorogenic acid, cafferic acid,

baicalin and forsythin

2R R L A7 {5 R
FORE BE HwE GE AR HE BE HBE HE BE AR
£ 1.000 1.000 1.000 1.000
HILHEA 0.922" 1.000 0.929" 1.000 0.875  1.000 0.867  1.000
HILEE 09777 0.973™ 1.000 0.978™ 0.971"" 1.000 0.981"" 0.927" 1.000 0.969™ 0.937" 1.000
IFHE R 0736 0.504  0.584 1.000 0.736  0.509 0.582 1.000 0.733 0.442 0.589 1.000 0.741 0.444 0.575 1.000

*P<0.01
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Ki(E BB S, FPF 5 MMAD [IAHX &%
(r) XF]7-0976, P<0.01, il —# 28 EHMAM
X%, FW MMAD #k, FPF #uh, X—45i85%
SANFIFERE DA G R — 803, K5 FPF A
SRAHME (7>0.5, P<0.05), /15 MMAD BA
SRR (r<-0.5), FWEIJEEK, FPF HUK,
MMAD /). B3 4 %1, XtF K 53R EE R
PAZ R, 758508 A% a8 D s i%
B IR R A (:>0.5), HMMD
R, RS TERCEIE R, ik SRR
W Y B 5 Ay 33306 R B R38R B IE A 56 0%
R, AYWAEE, RWAKT . @ik S EFmikE s
XTI H A B () 3G I TR AN K

CAMIERR B 258 . SRS AR, D
#* 3. 4,
2.42 ZIULMERASHT  ARYEE A O AT 4
R, EWUARERITE SR AHS FPF M
MMAD, VLR 7582 771 5 41 Hh 3 16 T 0 R s
S, AT 2 u R A 8T, S5 LR
5~8. BAL 1 Fiidl 5 A5 &4 FPF Al MMAD, #5742
TR 3 AR5y 335306 0 2 M3 306 i, RIS B N T
R FEHFIMELMERAMIEE, R BUATEHE N
0<|RI<I, RMK, WAL LR MLERLR
MG, REED 1 NBAEM, RRERIGEREL A
TS R 7 22 AR R ZE I 2 s Rag® 255

» 5361 -
&5 REWRALE
Table 5 Model summary of R test
iR R R? Rag? FRAERS F IR 2
1 0.974 0.949 0.898 0.167 1
2 0.984 0.969 0.938 0.129 8
*k6 HESH
Table 6 Analysis of variance
it EM AlE ¥ FE BEN
1 U5 1.036 2 0.518 18.559 0.041
57 0.056 2 0.028
Bt 1.092 4
2 [JH 1.058 2 0.529 31.411 0.031
B 0.034 2 0017
Bt 1.092 4

*7 EERABEEEMHRE

Table 7 Regression coefficient and significance test

RIELL R B FriEfl 5%

B ¥ ——— tE BEMH
B frifEiRZE  Beta
1 WE —-2.782 1.808 -1.539 0.024
FPF 0.061 0.023 1.985 10694 0.015
MMAD  0.021 0.145 1.064 1.444 0.026
2 WE -1.527 0.404 —3.888 0.040
BIEMZE -0.032  0.033  -0.526  —0.981 0.000
HIXEE 0.023  0.008 1.488 2.778 0.000

#*8 [E7/15 FPF Ml MMAD UK 5i% %R LR B8R0 E)IEE
Table 8 Regression model of pressure with FPF, MMAD, delivery rate and total delivery volume

D%y & 715 FPF 1 MMAD [6] 9% 5 7 5535 3 30 R R 3 32 5[] ) A Y
SF R Y=-2.782+0.061 FPF+0.021 MMAD Y=-1.527—0.032 #i%H 2 10.023 iFEik L&
W ERR Y=-2.851+0.062 FPF+0.215 MMAD Y=-1.306—0.037 #i%H 2 10.034 iFEik 0 &=
AT Y=-2.756-+0.060 FPF+0.208 MMAD Y=-1.426—0.001 #i%H 2 10.001 iFEik &&=
TR Y=-3.816-+0.074 FPF+0.290 MMAD Y=-1.197—0.015 #i%HE 2 10.014 iFEik 80 &

& A R A BRI 2 S, RHRGE R AL R? (AR
1E, B RZEINEE, 24 Ra? KT 025 ARAKILE
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