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Infrared spectral band screening based on partial least
squares is used for the quantitative analysis of mannitol-
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Abstract: Mannitol-calcium chloride metal organic framework (MOF) cocrystal significantly improved the
tabletability of f-mannitol and could be developed as a new tablet filler. However, mannitol monomer was found in
the product during the scale-up production of the excipient, which significantly affected the functional properties of
the excipient. In this study, we intend to quantify the multi-component eutectic system of mannitol-calcium
chloride. In this experiment, the MOF cocrystal excipient mannitol-calcium chloride cocrystal was used as the
model compound, and infrared spectrum was collected. Based on partial least squares regression (PLSR) method,
the abnormal bands were removed and the spectrum was preprocessed by normalization. The quantitative
correction model of mannitol-calcium chloride MOF cocrystal content in cocrystal excipients was established and

compared by two different variable screening methods, genetic algorithm (GA) and competitive adaptive
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reweighting algorithm (CARS). Two different variable screening methods, GA method and CARS method, were

used to screen out 160 and 14 variables, respectively. The mannitol-calcium chloride cocrystal model established

by CARS-PLSR method had the best performance, and the average relative error (MRE) and corrected root mean
square error (RMSEC) of the model were 0.008 8 and 0.892 5, respectively, the determination coefficient (R*) of
the model was increased from 0.978 3 to 0.994 4. The quantitative method of eutectic system established in this

study has high prediction accuracy, fast detection speed and good stability, which is of great significance for

optimizing the preparation process conditions and quality control methods of such eutectic excipients.

Key words: Fourier transform infrared spectroscopy; partial least squares regression; mannitol-calcium

chloride cocrystal; variable selection; quantitative analysis
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Figure 1
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A: Polarized light microscope (PLM) images of mannitol- calcium chloride single cocrystal was obtained by cooling crystallization

of mannitol calcium chloride solution; PLM images of f-mannitol; PLM images of mannitol-calcium chloride cocrystal after grinding. B:

Powder X-ray diffraction (PXRD) patterns of mannitol- calcium chloride cocrystal and f-mannitol. C: Fourier transform infrared spectrometer

(FTIR) spectra of cocrystal and f-mannitol
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Figure 2 A: Diagram of the relationship between the number of principal components and the cumulative contribution rate. B: Relation-

ship between the number of principal components and model evaluation indexes of partial least squares regression (PLSR) method. C: The

predicted and actual values of the validation set when the number of principal components of PLSR method was 5. D: Cocrystal content of

detection set when PLSR principal component is 5. R*: Coefficient of determination; MRE: Magnitude of relative error; RMSEC: Root mean
square error of calibration; RMSEP: Root mean square error of prediction
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Figure 3 A: Sample absorbance at 4 000 to 400 cm™ wavelength. B: Sample absorbance at 3 000 to 2 000 cm™ wavelength. C, D: Raw

FTIR spectra of parallel determination and spectra pretreated with normalization (C) and of cocrystal standard (D)

Table 1

PLSR modeling and evaluation table after eliminating abnormal bands and influence of different pretreatment methods on

simulation performance of the model. RMSECV: Root mean square error of cross validation; SG: Savitsky-Golay; MSC: Multiplicative

scatter correction; SNV: Standard normal variate correction; 1°D: First derivative; 2"D: Second derivative

Pretreatment method Principal component number R’ RMSEC RMSECV RMSEP
4 000-400 cm™ 5 0.978 3 1.7317 23137 7.502 0
4000-2 500 cm™ and 2 000-400 cm™ (raw) 5 0.9779 1.7457 2.2669 6.8358
Normalization 5 0.988 0 1.302 8 1.726 6 1.429 6
SG \ 0.987 8 13112 1.736 7 1.3612
MSC 5 0.990 4 1.1619 1.622 0 24114
Normalization + MSC 5 0.990 5 1.1590 1.6179 2.4372
SNV 5 0.990 0 1.1849 1.774 0 2.092 8
MSC + SNV 5 0.990 5 1.1587 1.617 3 2.434 4
SG+ 1'D \ 0.986 8 1.366 8 2.0133 1.573 5
SG + 2D \ 0.991 0 1.124 3 1.9457 3.208 4
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Figure 5 Competitive adaptive weighted resampling method

(CARS) variable screening results. Iteration period and number of
screening wavelengths (A), RMSECV (B) and regression coefficient
path graph (C)
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Table 2 Comparison of modeling results of different band screening methods
Method Number of wavelengths R’ MRE RMSEC RMSECV RMSEP
Normalization 1607 0.988 0 0.0123 1.302 8 1.726 6 1.429 6
GA 160 0.984 1 0.013 5 1.498 4 1.8324 0.737 4
848 0.988 9 0.0113 1.2520 1.748 7 1.3325
976 0.986 5 0.0132 1.3797 1.8753 1.352 6
CARS 14 0.994 4 0.008 8 0.892 5 1.242'1 1.772 4
Table 3 Evaluation table of PLSR model before and after optimization. LOD: Limit of detection; LOQ: Limit of quantitation
. Accuracy (calculate by cocrystal recovery rate) o o
Processing mode 75% 5% 95% LOD/% LOQ/%
The original model 66.61 +10.29 83.35+0.78 97.55+0.51 2.30 6.96
GA 73.25+1.26 84.75 £ 0.67 95.63 +£0.07 0.66 2.01
CARS 74.12+1.22 84.67 +0.73 95.39 + 0.09 0.65 1.97
95 B8 A 15 R I D' B DX IO B R 45 5, R P R AR U A T 74: 1057-1062.
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