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Algorithms of Raman spectrium analysis in fast identification of counterfeit hypoglycemic agents
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[Abstract] Objective To investigate the applicability of portable Raman spectroscopy for fast identification of counterfeit
hypoglycemic agents. Methods The Raman spectra of 6 hypoglycemic agents, their corresponding reference standards and 12
common pharmaceutical excipients were detected by BW&.Tek i-Raman portable spectrometer. The spectra were analyzed by
three algorithms, namely, the minimized summation of first derivative of subtraction spectra algorithm, local straight-line
screening (LSLS) algorithm, and modified LSLS (MLSLS) algorithm. Results  Among the three algorithms, MLSLS

algorithm showed the best performance, with the total sensitivity, specificity, accuracy and efficiency being 96. 77 %, 97.20% ,

99.29%, and 96. 02% , respectively. Conclusion

The MLSLS algorithm, which is based on infrared spectroscopy, can be

adapted to identify suspected counterfeit drugs based on portable Raman spectroscopy.
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Tab 1 Detailed information of hypoglycemic agents

Sample Type and content of the API

Glipizide tablet

Gliclazide tablet

7 types (2.3%)

6 types (2 types: 29%, 4 types: 48%)

6 types (3.3%)

5 types (3.2%)

2 types (12% and 26 %)

6 types (3 types: 12% ., 1 type: 15%,
1 type: 18%. 1 type: 21%)

Glibenclamide tablet
Glimepiride tablet
Gliquidone tablet

Pioglitazone tablet

API: Active pharmaceutical ingredient
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Tab 2 Performance evaluation of the three algorithms

MLSLS
Performance MSFDSS LSLS API content API content API content Subtotal
> 5% 3%-5% 0-3%
Total (N) 116 116 110 47 19 176
Positive-total () 32 32 14 11 7 32
Negative-total (n) 84 84 96 36 12 144
True negative (1) 39 39 96 34 9 139
True positive (1) 32 17 14 10 6 30
False negative (n) 0 15 0 1 0 1
False positive (n) 40 45 0 1 3 4
Suspect (1) 5 0 0 1 1 2
Rate of false negative (%) 0. 00 46. 88 0. 00 9.09 0. 00 3.13
Rate of false positive (%) 47.62 53.57 0. 00 2.78 25.00 2.78
Sensitivity (%) 100. 00 53.13 100. 00 90.91 100. 00 96. 77
Specificity (%) 49. 37 46. 43 100. 00 97.14 75. 00 97. 20
Accuracy (%) 100. 00 72.22 100. 00 97. 14 100. 00 99. 29
Efficiency (%) 61.21 48. 28 100. 00 93.62 78.95 96. 02

The definition of each performance was recorded in the references

[11-12]

MSFDSS: Minimized summation of first derivative of subtraction

spectra; LSLS: Local straight-line screening; MLSLS: Modified LSLS; API. Active pharmaceutical ingredient
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Tab 3 Performance evaluation of the three algorithms after three months

MLSLS
Performance MSFDSS LSLS API content API content API content Subtotal
>5% 3%-5% 0-3%
Total (N) 116 116 110 47 19 176
Positive-total (») 32 32 14 11 7 32
Negative-total (n) 84 84 96 36 12 144
True negative (n) 54 43 91 34 8 133
True positive (n) 32 20 12 7 7 26
False negative (n) 0 12 2 3 0 5
False positive (n) 27 41 5 2 2 9
Suspect (n) 3 0 0 1 2 3
Rate of false negative (%) 0. 00 37.50 14. 29 27.27 0.00 15. 63
Rate of false positive (%) 32. 14 48. 81 5.21 5.56 16.67 6.25
Sensitivity (%) 100. 00 62.50 85.71 70. 00 100. 00 83.87
Specificity (%) 66.67 51.19 94.79 94. 44 80. 00 93. 66
Accuracy (%) 100. 00 78.18 97. 85 91. 89 100. 00 96. 38
Efficiency (%) 74. 14 54,31 93. 64 87.23 78.95 90. 34

MSFDSS: Minimized summation of first derivative of subtraction spectra; LSLS: Local straight-line screening; MLSLS: Modified LSLS;

API; Active pharmaceutical ingredient
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SCPR PCA % R AL
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B4 CH4 B4 CH
0~2h 3.4440.79 2.7540.53" " 2.140.6 1.240.4"*
2~4 h 3.5640.89 2.8340.48" ¢ 2.040.5 1.34+0.5" "
4~6h 3.6740.95 3.0740.67" * 2.240.4 1.54+0.8"~
6~8 h 3.76+0.78 3.2840.82" 2.3+0.6 1.740.9"
8~12 h 6.64+1.59 5.66+1.12" 4.340.9 3.2+1.6"
12~24 h 22.67+2.36 17.59+1. 85" 5.14+2.7 4.84+2.4*
24~48 h 39.87+3.65 33. 7642, 34" 12.1+4.2 9.74+3.6*
48 h M 82.35+2.82 69.74+1.93" " 28.246.9 19.344.6 "

“ P<<0.05, ** P<<0.015 B4IMt



