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[ Abstract] Objective: To investigate the compatibility between Shenlu Tablets and drug packaging materials
by screening and determination of 20 elements in Shenlu Tablets. Methods: For accelerated testing, the samples

were stored at a temperature of 40 °C and a relative humidity of 90% for 0, 1, 2, and 3 months. Compatibility
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study was carried out by comparing the content of elements. At the same time, elemental determination was carried
out on the corresponding raw and auxiliary materials of Shenlu Tablets to determine the source of the elements.
Elements that were classified as 1, 2A, 2B (As,Cd,Pb,Hg,Co,V,Ni,Ag) were used as risk assessment elements
using ICH Q3D. Risk elements in ginseng deer supplements were assessed according to “Chinese Pharmacopoeia”
2020 Edition Fourth General Chapter 9302 Harmful Traditional Chinese Medicine Guidelines. Results: The 20
elements showed a good linearty, with the correlation coefficient r of 0.997 3 ~0.999 9, the recovery rate of spiked
sample of 92.7% ~98.4% , and the recovery rate of drug packaging material of 82. 1% ~101.7% . The detection
limits of all elements were within 0.000 17 ~0.17 pg-g . 19 elements except Hg were detected in Shenlu Tablets.
Except for As, Ag, Sb, Hg, Bi, the other 15 elements were detected in the packaging materials used for the patch.
Among the raw and auxiliary materials corresponding to Shenlu Tablets, the elements detected in the traditional
Chinese medicinal materials are basically the same without obvious element aggregation. The compatibility results
show that, compared with the results of the accelerated test in 3 months and in 0 months, six was no obvious migration
of each element in the patch and the corresponding packaging material for the three batches of Shenlu Tablets. The
maximum theoretical limit of 8 risk elements in Shenlu Tablets was compared with the average content of the
accelerated test samples, and the average content of the samples was far less than the maximum theoretical limit L value.
Conclusion; The microwave digestion-ICP-MS was used to determine 20 elements in Shenlu Tablets with high
precision, repeatability and stability. There is no significant difference in the contribution of different Chinese herbal
medicines to the elements in Shenlu supplement, and there does not exist single source. Combining the results of
compatibility and risk analysis, the compatibility between the drug and the packaging material is good, and the risk
of element intake is low. This study helps comprehensively evaluate the safety and compatibility of the drug, providing
a reference for the quality control of similar drugs and the establishment of element intake risk assessment.

Shenlubu Tablets ; elements ; ICP-MS ; microwave digestion ; compatibility
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Mg( #t5:19C008-1) (Al (it 5 :19C012-1) | Ti
(#it 5 :19B002 ) , V (4t *5: 20A020-1) , Cr (Hit 5.
19A021-8) Mn (k5 :19B034-3) .Fe (k5 :19C006-
2) . Co (It 5 :19B016-2)  Ni (k5 :20A025-8) . Cu
(#t5:19A021-8) Zn (5 :199018-8) [ Ag (it :
20A021-1) Ba( k3 :19A006-3) . Hg(#t 5 :207031-
1) Bi(Hlt*5:208032-1) pRdEF R IR T B XA 6.4
J& B AR AT A Pl 5 As (45 : N2-AS664920) |
Cd (#t 5. M2-CD659870) . Sn (it = : M2-SN659641 ) |
Sh (It : P2-SB676635) .Pb (It . P2-PB678290) 3k
J5F INORGANIC VENTURES /A 5] ;20 T 2 5 7fE ¥
WA FE ¥ 2 1000 ug-mL ™" ;60% ~70% fili iR (Htt 5
1117042) 3k 5 F Fisher Chemical 2\ 5] ; 7K B 4K,
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ICP-MS 7800 H, J&%HE & 45 25 4 T 1% 4% (38 [
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T 1,2 F1 3 A BURE A by ik 52 50 4 i .
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BE L HEAS)R%E 0,50,100,250,500,1 000,2 000,
5000 wL, 435 100 mL BRI, 0 2% i 1R 7
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0.025,0.05,0.1,0.2,0.5 pg-mL ' IR 4 0 E X R
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S, OB R RO AE iy R 4P 22 0. 3 g, BBl I A
HEH L, IMAETR 10 mL, 4% 28, 2 )7 Thil o @ 305,
B A BRI = 20 1 mL, BB 2 50 mL
SHRLES DA R R B TR RO VR VR T R RE , vE A
IFEWREOEIF LB T KERZZE, AL
DR N g, Ry o HBORA R 35 [R5 1 RS 9 TR o
2y bE 5 IS RE 2 AT, B R AR R /N
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2R Al P R B T o o R b B HEAT B A S
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AR e JEE U [ P 4 A R G i R O R ] I A
R o HT 208 A% S R 25 ) Bl T A B, 45
W1,

R1 FIURAMEXRAR

i St IR foeade R
(N /pgg™!
1 Mg y=122.50x +133. 34 0.999 9 0.17
2 Al y=31.63x+143.34 0.998 2 0.17
3 T y=38.84x+3.33 0.999 5 0.067
4 v y =1 866. 18x +0. 00 0.999 1 0.000 17
5 Cr y=2469.81x +138.33 0.999 3 0.008 3
6  Mn  y=982.95x +85.56 0.998 1 0.013
7 Fe  y=1905.23x+9803.47  0.999 2 0.012
8  Co  y=4667.15x+21.11 0.999 5 0.000 17
9 Ni  y=1362.07x+130.00 0.997 7 0.017
10 Cu  y=3617.92x +288.90 0.999 6 0.006 7
11 Zn  y=471.92x+1511.76  0.999 9 0.017
12 As  y=319.17x+5.33 0.999 4 0.005
13 Ag  y=5048. 18x +76. 67 0.997 9 0.001 7
14 Cd  y=634 86x+0.00 0.999 6 0.000 17
15 Sn y=1254.37x+124.45 0.997 6 0.005
16 Sb  y=1743.53x+7.50 0.997 3 0.000 17
17 Ba  y=430.82x +73.33 0.999 5 0.013
18 Hg  y=803.80x +326.68 0.999 6 0.006 7
19 Pb  y=5630.86x+1714.58  0.999 8 0.008 3
20 Bi  y=7766.75x +103.34 0.999 7 0.005

6.2 BEEXW H47IFHE R 0.025 pg-
mL " RAR W, T IR 37 IR K S Bk SRR RE 6
W5 20 FhoTZE M RSD 7 1.9% ~5.2% 2 [h) , 3
WA Z50G %% BE R AT



6.3 TREMZW FE WIS 201203 F 5
P 7 0,2,4,8,12,24 h FU37 I | kb
TIE , G5 MK LR RSD FE 3. 1% ~4.6% Z
i), 2 AL A I WRTE 24 h N EE AR 2 .
6.4 FEEMIIW 40K % RIS O 201203
Fin 6y F BRSO il 5 Oy s Ab #E, e I3 0
W 2 B0k A7 0 2, 245 5 20 Aot E /Y RSD 7F
0.86% ~7.41% Z 6], LW Iy ik EE R4

2500 bF < 2 FR ICHE 5 D 201203 A 4 1 Y
i bt 6 1, He BES 7 IUT il a5y AL B Fe BR37
T Ak 2 Bk A7 I s, 45 R 20 Floo E A9 RSD 7E
1.38% ~5.51% Z|a] , R ik MR AT
6.5 MNFEEIEIE 250 R ARELZ A 0.3 g 4
BN — R T AR VA W, H 5T IR Al S A A

Chinese Journal of New Drugs 2023,32(10)

BB A S, 4 B3 30 3 S B AT I R 2
H2h i 20 FhOC R PR ISR AE 92. 7% ~98. 4% i
I ,RSD 76 0. 4% ~8.1% Z[i],

it KGRI PVC 0.3 g, Kf % A — € &
BOPR HEVS W, #5587 00T AR 3K Al (%) 1 25 O 3k i &5 A
il 4% 37 T 3 2 B AT D, 45 SR 24 5 20
R ICZ 1 R AE 82. 1% ~ 101. 7% 15 [l 4, RSD
1E2.6% ~9.3% 2|,
7 HEmUE

2y it Xt 6 LS AN A LA R 4 B m sk 1,2 3
AT RRE S AT A I HE B R S R R Y PN 2 A
M (PVC) 3 BE“57 150N 3 & 1 i 25 77 3 il 2% FF
it 4% R 37 N 2 HOEE AT DU, AR s D 4 R 1
AR IT R R AR IR 2 K 3,

R2 50 FomEE 1,2 F1 3 A4 H T2 45 R ug-g”'
. =
JLEZK it 8] /4~ A

201203 201204 201205 210201 210403 210302

Mg 0 3 067.37 2718.73 3241.15 3 049.85 2 752.55 2 688.95
1 3108.43 2 805.86 2 894.67 2 934.04 2 955.42 2 709.40

2 2 857.58 2 849. 80 2 884.16 2 793.09 2 676.23 2 603.48

3 2 756.82 2 669.50 3177.98 2 683.60 3021.22 2 897.83

Al 0 965.91 1151.70 1102.81 1084.15 1019.10 900.61
1 1 088.14 814.66 1 051.83 901.29 1 058.14 839.01

2 1216.77 981.21 1104.78 1 089.43 817.11 994.63

3 879.28 1 074.25 1 080.86 887.24 999. 56 812.58

Ti 0 5.64 13.25 2.62 8.94 15.37 9.28
1 1.71 9.33 16.27 4.21 14.74 7.71

2 14.95 14.26 15.90 7.29 8.74 9.60

3 15.08 14.75 18.05 6.81 15.73 11.63

A% 0 1.74 2.02 2.08 2.20 1.18 1.20
1 2.01 1.47 1.86 1.12 1.14 1.14

2 2.21 1.87 2.05 2.12 1.16 2.11

3 1.64 2.00 2.01 2.11 1.16 1.17

Cr 0 1.39 1.36 1.17 1.14 1.19 1.16
1 1.01 1.29 1.42 1.13 1.29 1.20

2 1.54 1.54 1.62 1.11 1.17 1.13

3 1.71 2.35 1.76 1.12 1.19 1.12

Mn 0 116.05 98.92 116.09 91.46 95.67 84.25
1 115.97 103.38 98.97 91.04 82.11 85.89

2 101.09 99.36 95.38 93.91 96.00 99.88

3 98.26 92.33 104.88 87.93 94.65 96.18

Fe 0 1 653.56 2 875.81 944,20 1 238.54 1142.15 1797.52
1 735.72 1 283.46 2 300.00 2 098.92 949. 65 1 543.49

2 2 831.47 2 088.67 2411.45 1515.30 1123.61 1681.13

3 1 827.09 2 374.58 2 131.85 1527.65 1459.73 1549.76

Co 0 0.69 0.70 0.75 0.65 0.65 0.54
1 0.72 0.63 0.66 0.55 0.54 0.52

2 0.74 0.72 0.71 0.54 0.65 0.54

3 0.65 0.70 0.70 0.67 0.63 0.64
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. it
LR ) /4~ H
201203 201204 201205 210201 210403 210302
Ni 0 2.70 2.50 2.85 2.54 2.51 2.70
1 2.71 2.46 2.42 2.75 2.54 2.67
2 2.97 2.88 2.72 2.72 2.58 2.72
3 2.67 2.64 2.90 2.68 2.77 2.52
Cu 0 4.16 3.39 4.33 3.79 3.54 3.65
1 3.44 3.39 3.63 3.24 3.12 4.00
2 3.50 3.96 3.89 3.39 3.29 3.32
3 3.67 3.67 4.25 3.81 3.70 3.53
Zn 0 25.44 21.03 22.21 25.61 26.86 18.69
1 24.33 20.00 16.61 23.41 21.10 20.07
2 21.27 17.82 17.09 20.44 25.32 18.09
3 25.44 17.47 19.59 19.18 20.71 18.44
As 0 0.70 0.70 0.63 0.66 0.86 0.72
1 0.55 0.77 0.67 0.87 0.61 0.71
2 0.59 0.78 0.64 0.74 0.88 0.76
3 0.64 0.68 0.72 0.71 0.71 0.90
Ag 0 0.04 0.12 0.05 0.04 0.05 0.06
1 0.04 0.13 0.05 0.04 0.06 0.07
) _ _ _ _ _ _
3 J— J— J— J— J— —
Cd 0 0.18 0.16 0.17 0.18 0.15 0.16
1 0.17 0.18 0.15 0.15 0.20 0.20
2 0.20 0.21 0.17 0.17 0.17 0.18
3 0.23 0.19 0.18 0.17 0.18 0.20
Sn 0 0.09 0.12 0.01 0.06 0.09 0.05
1 0.02 0.13 0.14 0.06 0.11 0.04
2 0.22 0.19 0.20 0.11 0.10 0.09
3 0.22 0.17 0.18 0.09 0.12 0.08
Sh 0 0.01 0.01 0.004 0.01 0.01 0.005
1 0.002 0.01 0.01 0.01 0.01 0.01
2 J— J— J— J— J— —
3 0.01 — — — — —
Ba 0 30.95 27.67 28.17 2 753.66 2 896.80 2 674.90
1 26.59 28.05 28.25 2 619.78 2 956.38 2 667.26
2 30.54 32.01 30.03 3043.01 2 983.86 2 700.94
3 29.86 29.34 34.15 2 984.89 2 759.48 3 101.66
Hg 0 — — — — — —
| _ _ _ _ _ _
) _ _ _ _ _ _
3 J— J— J— J— J— —
Pb 0 0.41 0.35 0.47 0.39 0.43 0.39
1 0.35 0.35 0.48 0.43 0.40 0.35
2 0.30 0.41 0.50 0.37 0.42 0.43
3 0.39 0.32 0.46 0.45 0.45 0.45
Bi 0 0.08 0.07 0.02 0.06 0.09 0.07
1 0.04 0.06 0.05 0.07 0.08 0.06
2 0.03 0.09 0.06 0.06 0.05 0.07
3 0.07 0.09 0.01 0.05 0.07 0.03
— Rl
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-1

R3O0 RmE 1,2,3 4 H IR E S ug-g
- R[] it
/N H 201203 201204 201205 210201 210403 210302
Mg 0 7.31 2.83 3.01 7.56 3.13 6.77
1 2.62 7.59 2.68 7.29 4.44 3.44
2 4.66 5.79 13.26 6.93 3.07 7.68
3 15.61 7.6 8.05 6.76 5.11 4.73
Al 0 30.8 12.39 387.06 15.78 33.46 29.72
1 224.18 18.52 8.65 18.33 25.59 18.96
2 10.42 13.97 15.87 78.21 17.52 13.89
3 21.95 356. 14 12.8 22.82 19.73 78.56
Ti 0 — — — — — —
1 — — — — — 0.05
2 0.13 0.05 0.32 0.16 0.22 0.15
3 0.1 0.2 0.15 0.17 0.19 0.23
v 0 0.01 0.004 0.02 0.01 0.01 0.01
1 0.01 0.01 0.002 0.01 0.01 0.03
2 0.01 0.01 0.01 0.01 0.02 0.01
3 0.01 0.02 0.01 0.01 0.01 0.02
Cr 0 0.15 0.29 0.36 0.2 0.14 0.1
1 0.11 0.14 0.09 0.11 0.18 0.13
2 0.1 0.11 0.11 0.13 0.15 0.13
3 0.19 0.15 0.1 0.16 0.12 0.1
Mn 0 0.05 0.08 0.2 0.2 0.11 0.35
1 0.23 0.15 0.04 0.23 0.18 0.25
2 0.25 0.23 0.45 0.4 0.23 0.4
3 0.39 0.31 0.25 0.19 0.11 0.37
Fe 0 — — — — — —
1 _ _ _ _ _ _
2 8.5 4.22 4.16 5.52 3.87 6.12
3 7.85 10.01 4.06 6.27 5.64 6.11
Co 0 0.01 0.01 0.01 0.01 0.01 0.01
1 0.01 0.01 — 0.01 0.01 0.03
2 0.01 0.02 0.03 0.01 0.02 0.01
3 0.02 0.04 0.03 0.01 0.01 0.02
Ni 0 0.02 0.07 0.14 0.1 0.26 0.17
1 0.09 0.06 0.05 0.26 0.17 0.26
2 0.17 0.27 0.29 0.3 0.3 0.16
3 0.22 0.28 0.34 0.15 0.18 0.12
Cu 0 0.23 0.03 0.17 0.07 0.22 0.25
1 0.05 0.4 — 0.27 0.24 0.12
2 0.46 0.3 0.48 0.15 0.43 0.33
3 0.53 0.6 0.37 0.13 0.46 0.37
Zn 0 — — — — — —
1 _ _ _ _ _ _
2 1.41 0.28 1.38 1.12 1.89 1.55
3 2.17 0.28 1.44 1.53 1.26 1.93
Cd 0 0.005 0.01 0.01 0.01 0.01 0.01
1 0.003 0.01 — 0.01 0.04 0.02
2 0.05 0.01 0.01 0.03 0.02 0.01
3 0.02 0.01 0.01 0.01 0.01 0.01
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%3
- I 8] it
/A 201203 201204 201205 210201 210403 210302
Sn 0 10.96 33.5 12.98 19.13 53.88 40.82
1 56.43 14.61 11.27 22.96 45.64 56.51
2 47.79 50.25 141.98 25.93 10.89 56.3
3 64.24 76.69 76.97 16.6 56.32 56. 66
Ba 0 — — — — — —
1 — — — — — —
2 0.16 0.1 0.19 0.17 0.16 0.19
3 0.2 0.18 0.15 0.2 0.18 0.17
Ph 0 — — 0.17 — — —
1 — 0.11 0.07 0.15 0.12 0.22
2 0.41 0.46 0.48 0.46 0.18 0.36
3 0.68 0.42 0.57 0.55 0.39 0.21
As,Ag,Sb,Hg,Bi 0 — — — — — —
1 _ _ _ _ _ _
2 _ _ _ _ _ _
3 — — — — — —

RA

Ly RLRE S IS 0 4R A B JRURTRL B 25 LR 1

“3T WM S AT E AR W AR 4 TR S

[ PO D VAR S Ry 1 R T g
R4 14 PP iR oT R D E 45 pgrg

BRE  RBRY¥E By 4% L ¥ £ AdesE B Mm%k EA iE o HPAaAR e
Mg 2776.35 2638.00 1656.73 1573.25 6777.37 1454.49 928.22 1576.05 1215.77 522.34  661.34 1658.54 1831.96 2151.31
Al 327.73 631.09 175.30 61.40 2338.70  577.99 213.55 1018.79 188.00 17.75 142.81 499.38 587.75 1530.78
Ti 10.60 16.98 5.57 2.76 33.03 2.67 8.27 20.87 8.98 0.42 7.58 10.17 9.60 23.36
A 0.63 1.03 0.29 0.09 3.15 0.33 0.45 1.87 0.56 0.03 0.20 0.85 1.36 3.49
Cr 3.92 4.55 0.58 0.19 4.57 1.04 0.71 4.91 0.86 0.16 0.73 1.84 3.94 5.54
Mn 92.54 107.51 13.06 44.24 132.30 34.63 47.43 23.21 6.08 106.55 3.54 22.56 25.63 115.52
Fe 263.20  442.64 164.27 60.07 1491.19 115.38 217.11 957.36 191.28 15.50  363.33 396.74 534.90 1013.95
Co 0.18 0.20 0.22 0.12 0.70 0.30 0.31 0.33 0.11 0.14 0.05 0.18 0.27 0.95
Ni 0.53 1.14 0.71 2.03 4.51 0.70 1.69 1.18 1.24 1.63 1.26 0.99 1.40 3.68
Cu 19.14 6.44 9.64 6.72 14.38 3.23 3.76 3.68 5.45 5.10 3.35 6.67 16.94 6.96
Zn 18.46 20.09 33.42 12.03 52.40 12.57 18.69 15.92 7.87 5.78 123.80 26.22 33.34 48.36
As 3.66 0.31 0.22 0.03 1.94 0.07 0.05 0.62 0.13 0.09 0.11 0.25 0.43 0.70
Ag 0.05 0.04 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.004 0.01 0.01
Cd 0.40 0.12 0.03 0.08 0.84 0.02 0.08 0.06 0.02 0.01 0.01 0.03 0.17 2.10
Sn 0.04 0.04 0.05 0.02 0.08 0.02 0.01 0.05 0.02 0.01 0.07 0.02 0.03 0.08
Sh 0.04 0.03 0.02 0.01 0.04 0.01 0.01 0.02 0.01 0.15 0.03 0.01 0.01 0.06
Ba 22.52 48.20 11.00 37.37 199.35 91.21 16.73 11.49 2.55 68.39 2.49 143.67 15.59 144.95
Hg — — — — — — — — — — — — — —
Pb 0.41 1.02 0.53 0.12 1.64 1.03 0.14 1.30 0.11 1.13 0.25 0.81 0.43 3.27
Bi 0.03 0.02 0.04 0.01 0.03 0.01 0.01 0.03 — — 0.01 0.01 0.01 0.03
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pgeg !

=S5 OHIRE M TR E S
HEE VEm Wik L et o PVC
Mg 6.52 25.91 41.84 118.42 1421.19 2 509.02 4.25
Al 1.47 7.85 7.65 203.86 25 545.02 255.46 7.43
Ti 0.05 0.44 0.30 27.77 49.56 0.25 —
A% 0.004 0.01 0.01 0.31 49.50 0.59 0.004
Cr 0.04 0.10 0.08 1.53 4.68 0.24 0.28
Mn 0.25 0.20 0.16 0.73 47.84 80.69 0.18
Fe 36.06 14.28 5.21 59.28 85 799.34 32.83 11.86
Co 0.001 0.002 0.001 0.01 8.08 0.44 0.02
Ni 0.15 0.12 0.11 0.72 13.39 2.13 0.26
Cu 0.11 0.26 0.23 0.51 5.05 3.25 0.23
Zn 0.72 1.03 1.50 4.63 5.59 15.70 1.90
As 0.01 0.01 — 0.01 0.09 0.68 0.005
Ag 0.28 0.14 0.08 0.08 0.08 0.02 0.08
Cd — — — 0.002 — 0.09 0.005
Sn 0.01 0.01 0.01 0.01 0.24 — 9.65
Sh 0.01 0.01 0.01 0.04 0.004 0.01 0.002
Ba 0.09 0.10 0.18 3.30 0.85 17.73 0.23
Hg — — — — — — —
Ph 0.08 0.08 0.04 0.38 0.21 0.43 0.04
Bi — — 0.03 0.02 — 0.01 —
— AR
" = (1608.6,9.2 pg-g VW ILEH(32.8,0.3 pgrg™ ")

1 HBEMERSWH

TSI A gt T R L AR 2 MR A SR AT A
@® 6 ML S REAN R, bR Hg oo R Kk oh, L
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Kot B 7 B BT 3 A, 4% Wk 3 241.2,2 875.8 Al
1216.8 ug-g™'c @ 762 4 7 BT H 4 As,
Ag,Sb,Hg,BiiX 5 Fion R ¥R K i, HA 15 A A
oy, Hor g Y AL Sn, Mg 3x 3 Foc & 2 90 HT 3 £,
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ICH Q3D H143 4% H 1,2A,2B B 76 K A 525 K,
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Hg,Co, V, Ni, Ag, &% (b4 A R 4k i [ 24 i)
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JECOU ™ Xof 2 G A R rb B E 0 XU T A T & k47 3F
fili o BRAEAR:

AxW AT 1
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W) 754 KA, — MR 365 d-4F 1 x 70 4FEF Ny 2y
AR B A 2R (d - 4R 1) S ED Sy — A Al R 24
1) 2 8 AR 50 Ry o 24 01 BOER R 22 B A sk R B, T
GIBICR R R (% ) 10 LN T,

THAE, B H RV A S A R SE E AR (US
EPA) B B K0 28 11 52 52 2 2% R (RE) 7 52,
As,Cd,Co,V,Ni,Ag [ Rfd {4351 0.000 3,0.000 1,
0. 000 3,0. 005,0.02,0.005 mg-kg ' +d "', Pb 5%
FlH7E 2010 AFPEIR A E AR A 4L 2L (FAO) /WHO HUH
FEEFOEAL BT EAG S R R 4G 1, B 2 % 1999 4F
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