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[Abstract] Objective To determine elemental impurities in Xiao’er Xiaoji Zhike oral
liquid packaged with pharmaceutical composite films by inductively coupled plasma-mass
spectrometry (ICP-MS) and conduct safety evaluation, to provide data support for the replacement
of pharmaceutical packaging materials. Methods Stability tests were performed for Xiao'er Xiaoji

Zhike oral liquid packaged with pharmaceutical composite films. The levels of elemental impurities
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in the oral liquid at month 0 were compared between the new composite film packaging and the original
packaging material. The limit of quantitation of the analytical method was compared with the analytical
evaluation threshold (AET), and the determined elemental impurity contents at each test time point were
compared with the permitted daily exposure (PDE), to evaluate the applicability of the detection method and
potential safety risks of the samples. Results The limits of quantitation for all elemental impurities determined
by this method were lower than the AET, indicating that the method is suitable for the determination of
elemental impurities in the product. At month 0, the contents of elemental impurities in the oral liquid were
basically consistent between the two types of packaging materials. No significant difference in elemental
impurity levels was found between the two groups, and all test results were lower than the corresponding PDE
values. Stability test results showed no obvious increasing trend in elemental impurities during the study period,
with all values remaining below the corresponding PDE values, indicating that the composite film is suitable for

packaging Xiao'er Xiaoji Zhike oral liquid. Conclusion The pharmaceutical composite film presents good

compatibility with the oral liquid and can be used as the packaging material for this product.

[Keywords] Xiao'er Xiaoji Zhike oral liquid; Content determination; Medicinal composite film;

Elemental impurities; Packaging material replacement
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1.1 FENEH

Agilent 7700 HLJEFE A 45 25 AR BT (&
AR AR ) 5 MARS 6 CLASSIC 33 74
A (SEE CEM A H]); 09C20 #EfR#s ( ifFiH
AR A B A ) 5 Milli-Q Advantage A10
ik 24 (LEBEHEARF).,
1.2 FEHRGIKFA

BRO(AD bR (it 182017-3). fift (As)
FRUE (5. 183030-1)., &6 (Sb) #Frifik (dt
5 183022-2), 4% (Pb) BRER (L5 183046-
2). # (Cd) a5 183012-2). 4 (Cr)
FRUEW (5. 182010-5). B (Ni) FrifE (it
5 189047-2) . BF (Zn) PR MEW (45
183050-1) . A1 (Ba) #pfE (L5 182014-1).
B (Co) FRUEME (LS. 182017-372-2), 4L (V)
FRER (5. 175014-2) . K (Hg) #edEik (It
51 179019-2), 4 (Au) PR (L5 178016-
1) AR 50 mLAf, & &84 1 000 pe/mL,
S NSNS S I R g =S o I = 8 T L 5 W ST
fit; 5-220MKBY2 ICP-MS WNHRIR AW (K E %
FERRHEARAR) ; iffR (EEFER C/RR
e, #5. 1553723, 4 >68%); /NLIHAIE
ki (S rEE 25 BRAR], it 20181101,
20181102, 20181103, #t%: 10 mLAS, RHZH
AW (BT READTTIERNE) w2 #ts.
04191023, 04191053, 04191083, KLA%: 10 mL/
M, R DR (M5 AR Ak 3 0 A o) 1 IR
W) %],

2 FmEEER
21 RUKEEN TIER AR ICP-MS TIE

&

I8 % . 800 W; 0~5 min FHEZ 120 °C,
PRI 3 min; 8~11 min FHE % 150 °C, FRIE 3 min;
14~18 min FFE % 180 °C, 1 20 min,

ST . 1550 W5 2SR : 1.09 L/min;
B 14.5 Umin; 5HBYS0E: 1.0 L/min;
A R SR E: 2 (He), 4.5 mL/min,

BEENEEEE . 0.15 v/s; BALRSEA. Rl
FAan; FALEREE . 2°C; RFEfE: Ni, 1.0 mm;
BHGHE: Ni, 0.4 mm; RAERE: 10.0 mm; SRAEE
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Table 1. Monitoring quality data

TLRAR IDikiiv (52N
Al 27 He
A 51 He
Cr 52 He
Co 59 He
Ni 60 He
Zn 66 He
As 75 He
Cd 111 He
Sh 121 He
Ba 137 He
Hg 201 He
Pb 208 He
Bt (Se, WHR) 45 He
B (Ge, PIFFR) 72 He
B (Rh, WiR) 103 He

22 BHEWEIE
221 MBHRERLE AFER

I3 BKS # L AL As. Sb. Pb. Cd. Cr.
Ni. Zn. Ba. Co. V. HghrpifEiiE &, fin2%
FR (% Au 200 pe/L) FBERDITWES (Al As,
Sh. Pb. Cd. Cr. Ni, Zn. Ba. Co. VHJE N
2. 5. 10, 20, 50, 100, 200, 400. 800 ng/mL,
Hg ¥ 4 0.02. 0.05. 0.10, 0.20. 0.50. 1. 2.
4. 6ng/mL), BIFSZRFIN S R N
PRIBA WG, 2% ERR 1M B 28 500 ng/ml,
RIAIR A AR W
222 HMRABERLETHER

BURESL 548 (b5 . 20181101), & IF25M,
FE5), IR FRNE . K% S EURFIE 0.5 mL 2 H
R, A 9.5 mLIRANAR , ZMETHRE, K
TS E TR T 110 CHERR, 7531040
REZH 1 mLE, 2% iR (% Au 200 pg/L)
LWL H RS I EAZE 10 mL, BIFSHHL M E
o TRITEAS IR S il 45 25 FAR
2.3 Hidma‘RNE

Mt AR ] ICP-MS 4% “2.17 W T 4%
PRI 2, Fa s o R 4R T BRI AL
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As. Sb., Pb, Cd. Cr. Ni, Zn, Ba. Co. V., Hg
JUR IR, IFIERAS AR
24 FEFER
241 SETLH

ORISR RE , DT 28 e (X,
ng/ml) AHEARBR, KR 5 R R P AR TG 2R IR
HAEA (V) g edr, exblbriEh LI G
LAMETTRE, BERIE 2, RUIKITRIRBLANE X
RFRYF.

R2 BERNREREMEXR
Table 2. Linear relationships of various
elemental impurities

o A ey
Al ¥=0.002 3X+0.004 0 0.999 9 2~800
As ¥=0.011 0X+0.002 3 1.000 0 2~800
Sh Y=0.007 5X+1.872 7x10™* 0.999 9 2~800
Pb ¥=0.010 4X+6.395 3x10™* 0.999 9 2~800
Cd ¥=0.003 7X+3.611 2x107° 0.999 9 2~800
Cr ¥=0.074 4X+0.019 6 0.999 9 2~800
Ni ¥=0.035 6X+0.302 5 1.000 0 2~800
Zn ¥=0.023 4X+0.008 0 1.000 0 2~800

Ba Y=4.473 2x107*X+9.611 0x10®  0.999 9 2~800

Co Y=0.126 5X+0.004 4 0.999 9 2~800
Vv ¥=0.051 5X+3.103 9x107* 0.999 9 2~800
Hg Y=0.001 2X+2.084 8x107 0.999 5 0.02~6

242 AHE IR

B “2217 TR IRA X IE S ER, Horb AL
As. Sb. Pb, Cd. Cr. Ni. Zn. Ba. Co. VIREN
100 ng/mL, Hg¥J¥ M 1 ng/mL, #EZEHEE6IR, iC
SR E MR BE . 455 Hg 1P XM E H 4 1.13 ng/mL,
RSD 3 4.85% (n=6); HABICER %5 #1270
{8 A 98.08~100.70 ng/mL, RSD 4 0.52% ~ 2.79%
(n=6), FUUULNEHE RAT,
243 EFHMHIKE

]l —FE Sy (5. 20181101), MR “2.2.27
TR J AT 6 bl s, e 45 e &
TR, 255 AL As. Sb, Pb, Cd. Cr. Ni,
Zn., Ba, Co. V. Hg® & Il HMEMKIK N 43.56
744, 043, 173, 0.13. 896, 19.25. 142.99,
4.00, 2.51, 0.45. 0.15 ng/mL; HA Al, Ni. Zn
) RSD 43 5| 4 2.88% . 3.81%. 8.14%. 3.88%.
12.89%. 121%, 2.86%. 2.79%. 4.33%. 3.01%.
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5.70%. 34.18% (n=6), FMZITLEEERL .
2.4.4 JmAFEDEXIE

BokE S 548 (35 20181101), & Ff250T
5], K EH0.5 mL B TIHmAE T, i
AT B %W (Al As, Sb, Pb, Cd. Cr,
Ni. Zn, Ba. Co. V¥4 10 000 ng/mL, Hg¥k
iR 100 ng/mL AIR-AXT BB , FRIA 9.5 mL ik
fife, SMIHEE, THERSS T 110 CEHR .
REFARWAR R 1 mLI, 2% (& Au
200 pe/L) ZIRGERIHMEIFER 2 10 mL, RS
% JUE 44T PDE R B R IAnEE I, 230l
AR, o R 3R A A TR TSRS IE -
Al, Zn. Bafilbs#E 2100, 200, 400 ng/mlL; V.
Co. As. Cd. Sh. PbAIFRIKIE A2, 5. 10 ng/mL;
Cr. NiflAR#eE A S, 10, 20 ng/mL; Hg ilbrik
ERT. 2. 4ng/mL. BB “2.2.27 Wi R
AT 30y, #% “2.07 TR SRR 2
ZE AL, As, Sb., Pb, Cd, Cr, Ni, Zn. Ba,
Co. V. Hg 09 F 5 [\ i 34K R H 102.30% .
97.82%. 82.53%. 90.95%. 95.99%. 96.05%.
93.60%. 91.33%. 99.08%. 91.59%. 95.10%.
77.82%, X i B RSD HK IR K 5.20%. 9.12%,
2.85%. 4.22%. 5.21%. 3.71%. 6.87%. 3.89%.
2.14%. 5.74%. 6.37%. 5.65% (n=9). HIFxkES,
T TR AR TR A FARE LR Y, 0T
F IR T2 ISR Ky 77.82%~102.30%, FWiZ )5
PR A
245 BIBER

(1) xRS RRR e B “2.2.17 T FIR
AR, Hih AL, As. Sb. Pb. Cd. Cr.
Ni. Zn. Ba. Co. VkJE} 100 ng/mL, Hg¥kJE
K1 ng/ml, # “2.17 WFE&AF, 4HI7E0, 2.5,
5.5, Thiike, MEKITTRATIIRE . 458 AL,
As. Sb. Pb, Cd. Cr. Ni, Zn. Ba. Co. V. Hg
UK 2% A BE 43 ) R 10135, 99.02, 98.47,
101.72, 99.14, 96.82, 90.42. 99.03. 98.57.
98.90, 97.85. 0.99 ng/mL, RSD 535N 2.71%.
1.54% . 2.20%. 2.82%. 1.71%. 0.71%. 2.10%.
0.42%. 2.41%. 0.69%. 1.61%. 7.73% (n=4),
FEHZO0) RSV TS 7 h PR R E &

(2) fHKiEmRR et B “2.2.27 TRt
WA, % 2.7 TWURAM, 20T 0. 1.
3.5 hbRE E 2 Bk B, 25 Al As. Sb. Pb,
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Cd. Cr. Ni, Zn. Ba, Co. V., Hg& LR ZFk
FEMRIR 4542, 7.59 . 041, 1.04. 0.05. 9.10,
14.13, 130.15. 3.91. 1.89. 0.30. 0.35 ng/mL;
Al. Ni. Znf RSD 7354 2.54% . 2.08% . 1.64%
(n=3), FIMHAR WA 3.5 h NFE: R AF.
246 MHEBERAEEFR

B “2.2.27 WUFZS HIEW, % “2.17 WIF4
PRBEREIE 119K, 4553,

#3 EAEXRVEF FRHREEBRER

Table 3. Determination results of limit of detection and
limit of quantification for elemental impurity test methods

I8 s S ol v~
Al 1.104 0.221 0.736
A\ 0.016 0.003 0.010
Cr 0.076 0.015 0.050
Co 0.022 0.004 0.015
Ni 0.724 0.145 0.482
Zn 0.196 0.039 0.130
As 0.200 0.040 0.134
Cd 0.017 0.003 0.012
Sh 0.022 0.004 0.015
Ba 0.064 0.013 0.043
Hg 0.027 0.005 0.018
Ph 0.022 0.004 0.015

25 AETHItE

22 /N L AR R AR i BE 5 0 e
(K H R4 B8 6 483130, M 4fE Sk 1o
HUE A E T E 4 PDE M, U T AR E
AET{H:

AET (pg/48) =PDE (pg/d) /% H i KR H
a(4%)

SRR 4, XA TTE LT ke 2R,
BIEF AET{H, WETH P& ICERT S &
M5E
26 BEMRAEPTEXRNSENER
ZEHITHER

Wy HE G MaEN3HEE S (H 5.
20181101, 20181102, 20181103) #EfThasE %
B RS Y ek, R A . IR
(40 £2) °C, HMXBE (25+£5) %; KIWAR
k. WE (25 +£2) °C, MXTEE (40 +
5) %o FHESWFE A5 04 A L nidE 34 H
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feA~H, Kile, 12, 18, 24, 274 H . [H#}
XA 04 A 3Ly (Hik*5 . 04191023,
04191053, 04191083) #EAT &= & 5 #5 M &
RN A 05 B, B4 A R
WERE SR, MESERERNDNTHENLD
TrEH, IR A R N /A SR
5~ 8,

R4 BLEZXRWAETEITEER
Table 4. Calculation results of AET values for each
elemental impurity

= () ﬁfigﬁ
Al 1 400 233.33 0.736
v 100 16.67 0.010
Cr 11 000 1833.33 0.050
Co 50 8.33 0.015
Ni 200 33.33 0.482
Zn 1300 216.67 0.130
As 15 2.50 0.134
Cd 5 0.83 0.012
Sh 1200 200.00 0.015
Ba 1 400 233.33 0.043
Hg 30 5.00 0.018
Pb 5 0.83 0.015

1. "PDE{EZ M BaItE,

®5 0N ARBEGBPTEZENESER (ug/d)
Table 5. Determination results of elemental impurities in
original pharmaceuticals packaging at 0 month (ug/d)

=
TLER A
04191023 04191053 04191083

Al 65.16 66.24 79.32
A% 0.48 0.48 0.60
Cr 9.78 9.90 9.24
Co 3.36 3.18 3.72
Ni 18.90 27.12 24.18
Zn 144.24 128.22 138.90
As 9.18 9.00 9.60
Cd 0.06 0.03 0.06
Sh 0.18 0.18 0.18
Ba 15.06 13.86 14.04
Hg 0.06 0.06 0.02
Pb 1.02 0.84 0.84
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*6 HAEAKREI2018101 fitiFEmMNE, KBXKTERRNELER
Table 6. Determination results of elemental impurities in batch 2018101 samples packaged with medicinal composite
film under accelerated and long—term stability tests

JefiEra (pg/d)

TLRIR - :
0 H mE3ANH e KMleA A KA KEsMH K24 K274

Al 50.28 57.54 53.94 53.64 52.26 54.18 51.24 51.66
v 0.36 0.42 0.42 0.36 0.36 0.42 0.36 0.24
Cr 10.80 12.78 10.80 10.56 11.22 10.80 10.68 10.62
Co 2.28 2.58 2.46 2.88 2.76 2.94 2.82 2.64
Ni 16.86 18.30 17.22 18.84 15.60 18.78 15.72 14.34
Zn 154.62 174.06 176.40 177.42 164.34 177.42 181.08 160.62
As 8.46 9.06 9.06 10.74 9.54 9.90 9.60 9.30
Cd 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.02
Sh 0.36 0.24 0.18 0.24 0.72 0.30 0.24 0.24
Ba 4.62 5.16 4.92 4.38 3.84 372 3.84 348
Hg 048 0.18 0.12 0.12 0.48 0.06 0.18 0.54
Pb 1.20 1.32 1.32 1.20 1.14 1.26 1.20 0.90

R7 HAEARKREIRK 20181024t MMNE, KKK TRERNELER
Table 7. Determination results of elemental impurities in batch 2018102 samples packaged with medicinal composite
film under accelerated and long—term stability tests

ZefidrE (pe/d)

TR AR N -
01H ik 34~ H m#EeNH  K#letH KEIRAH O KEIBAH K#I2a4MH K274 H

Al 56.70 55.92 39.90 57.36 54.54 54.24 4578 54.00
v 0.36 0.30 0.30 0.36 0.36 0.36 0.36 0.30
Cr 11.34 11.64 10.08 9.90 11.46 11.40 11.34 9.66
Co 2.34 2.34 222 2.76 2.76 2.82 2.82 2.64
Ni 16.92 16.98 15.96 18.66 15.78 17.34 1578 14.70
Zn 160.50 148.62 151.80 166.14 153.66 170.94 175.56 156.54
As 9.00 9.18 9.36 9.18 9.78 10.38 9.90 9.66
cd 0.06 <0.018 <0.018 0.06 0.06 0.00 0.00 0.02
Sh 0.18 0.12 0.12 0.18 0.96 0.24 0.30 0.18
Ba 474 4.98 4.44 450 3.90 4.08 3.72 3.66
Hg 0.06 0.06 0.12 0.12 0.24 0.06 0.12 0.48
Ph 1.32 1.02 1.08 1.32 1.02 1.26 1.14 0.90

=8 WAEARER 2018103 MitHMmME. KKK ITRRRNELR
Table 8. Determination results of elemental impurities in batch 2018103 samples packaged with medicinal composite
film under accelerated and long—term stability tests

2B E (pg/d)

TCRAI : : Z - % % %
04~J] 3 e Kier A KA KEIBMA K24 K74

Al 46.62 45.60 43.56 53.76 60.00 51.90 48.96 45.54
v 0.30 0.30 0.30 0.36 0.36 0.36 0.30 0.24
Cr 10.50 10.74 10.02 9.84 11.58 12.78 11.04 10.62
Co 2.28 2.40 2.16 2.82 2.64 2.94 276 2.64
Ni 17.04 17.58 15.78 20.58 15.60 18.18 15.60 14.10
Zn 158.28 166.38 153.66 168.78 160.56 176.34 175.26 155.88
As 8.64 9.66 8.94 10.14 9.36 9.60 10.02 8.58
Cd 0.06 <0.018 <0.018 0.06 0.06 0.06 0.06 0.06
Sh 0.18 0.48 0.12 0.18 0.60 0.24 0.24 0.18
Ba 4.26 4.80 4.26 4.32 3.90 3.96 372 3.24
Hg 0.06 0.06 0.30 0.30 0.24 0.06 0.18 0.60
Ph 1.20 1.08 0.84 1.14 1.08 1.26 1.08 0.90
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