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Based on near-infrared spectroscopy technology and classification and regression
trees algorithm to establish a prediction model of Tianshu Tablets disintegration
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Abstract: Objective A rapid method was established to predict the disintegration time of Tianshu Tablets (47 /i) based on near
infrared  spectroscopy (NIRS). Methods The near-infrared spectra of 468 samples from 39 batches were collected, and the
disintegration time prediction model of Tianshu tablets was established by comparing the prediction effects of the partial least
squares (PLS) and classification and regression tree (CART) models. Results The performance of the CART model was the best
after the spectrum was preprocessed by the baseline correction, relative root mean square error of correction (RRMSEC) value of this
model was decreased from 7.43% to 4.94%, relative root mean square error of prediction (RRMSEP) value wasdecreased from
7.84% to 7.66%. Conclusion It is feasible to predict the disintegration time of Tianshu Tablets with NIR spectroscopy technology
and CART algorithm, which provides a new method for rapid and non-destructive testing of the disintegration time of Tianshu
tablets.
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LA, MT4LAMeE (near infrared spectrum,
NIRS) HEARAE Ry —Fh T () PR 43 i F B S pl it
FN T 2 24T, 90 an I T R
224 IR BN, R A 35 11810155 . Donoso 451
FI i fse /N —3felml )T (partial least-square, PLS) 2
S WA TR A AR ] SR LA R OR R, S5 R
FEH, A AT (] R 39 0 2 5 3805 204N g 3
F &N PLS 33 3796 T NIRS B 22 5t
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KA F, MMEESE T NIRS Fil-E 5 ji~F H
WHERSEAR . FIRFFFEY, NIRS HARW LA
SR TNy 7] 5 AT 1] o

HAr, BEAXTEL NIRS BRI A 24 B 55 i i
WA BT, HORZ A PLS VR A,
NIRS i AR 454 02 FE 8 (classification and
regression trees, CART )&y 1 . FH & WL # & . CART
SRR TR — PGB, Ao —Fh 533 ) 53
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11 {438
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FRA®]: Antaris 1 2R T 204N HT 4, FRAR
Y ERIE SR ZS, S€[E Thermo Fisher Scientific
NG
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fit. 39 bk, &L 12 3L 468 MEEA, AT
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200908, 200909, 200910 201001. 201002, 201101 .
201201. 201202, 201203, 201204, 201205. 201206
201210, 201211. 201212, 201213, 201214, 201215.
201216, 201217. 201218. 201101.

2 HEEER
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BREF A ER BTN EEAUR T2 7 [ 2
PE RN, REIEDIMDCGELCREI G, HEGE
Fil > 10 000~4000 cm™, 43##% K 8 cm™, 2 53
i, ZHERATA, BFREARN 4 RERTY
o % B ITEERERN NIRS, 5 R WK 1 R,
AT, 468 MEESL NIRS B, WGBS A %57,
{EREAAR A AR AL .
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Alnm
1 468 MEMAY NIRS Bl (n=4)
Fig. 1 NIRS of 468 samples (n = 4)

2.2 BRERETELNE

K CH [ 24 i) 2020 4F i DU 3538 ) i i e PR
gy, rmliile “2.1” W R4 NIRS J& K EF
RGN TE . B2 1 7 BT i A s g
H, BIRET & RGN, O e, AR A
A (371D CRIALK, TR N5 30~
32 k. 39 bk 468 ANRET AN AN TR AN 1
B, BT L, RET R b () i e B 1) e/ 18 main,
KN 45 min.
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K F UnscrambleX 10.4 (Camo software AS,
O AR TS AT AL, SR Matlab 2020 (3£
MathWorks 23 5] D3 14T PLS 18 IR A K 4
AR i e SRR g, SR SPM 8.3 (3:[H Salford
Systems A F]) #EAT CART B IREA R 43 K AR
¥4%, K H Origin 8.0 (3[H OriginLab A F]) i fF
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F1 39 HtHERARRERTE (n=12)
Table 1 Disintegration time of 39 batches of samples (n = 12)

fits  BifERS[E/min RSD/%| #t5  HfEA1El/min RSD/%
200701  37.17 3.78 200901  30.42 2.20
200702  25.92 2.58 200902  27.17 1.43
200703  23.33 3.34 |200903  25.25 3.43
200704  27.75 4.89 200904  27.67 2.35
200705  23.08 2.23 200905  27.42 3.63
200706 24.17 2.97 200906  33.17 3.60
200707  23.75 3.17 200907 3850 2.07
200708  33.58 3.90 [200908  20.50 3.29
200801  37.50 3.86 [200909  32.17 2.91
200802  37.92 456 |200910  33.25 2.60

L5 iR [E/min RSD/%| #t5  HifEA[El/min RSD/%
201001  33.67 3.19 [201211 30.33 2.57
201002  34.67 3.95 [201212  39.50 6.52
201101 19.17 489 201213  36.33 5.16
201201  20.67 7.25 201214  33.33 2.66
201202 22.33 3.97 201215  30.00 2.84
201203  20.75 5.09 (201216  32.92 5.26
201204  30.75 2.82 201217  34.75 3.04
201205  31.83 1.81 201218  37.75 5.43
201206  29.42 3.39 210101  22.08 5.94
201210  33.25 1.87

set, Rea)« WHEEEAH O 544 (correlation coefficient of
verification set, Rpe). RIE¥ R Z (root mean
square error of correction, RMSEC). Fitilli % 75 i
7= (root mean square error of prediction, RMSEP).
AN 1E ) 77 MW 2 (relative root mean square error
of correction, RRMSEC ). AH X Tl 32 75 AR fiw 22
(Crelative root mean square error of prediction,
RRMSEP ) . 14 fiE i 25 Lt Cratio of performance
deviation, RPD) AfabriPM AL S5, Pk
B WREEE TR DL AR R fIE 7% . R Jy Pearson
R &R H, HARA AR PR AR .

RMSEC=[ )" (yi—yic)/(n—1)]*2 (D
i=1

RMSEP=[ " (yi—yip)/(m—1)]*? (2)
i=1

RRMSEC=RMSEC/Yme (3)

RRMSEP =RMSEP/Ymp 4)

RPD=[ Y _ (yi—ymp)2/(n—1)]"2RMSEP (5)

i=1

Yi A TN RE R SEDUAE yie R UIZREEPZE | MRS
ITIAE, yip B UESE I EE | ANFF S B TIME, Yime
FUNZREERE M P~ M, ymp VIS TESEAE W ()1
{, RMSEC. RMSEP. RRMSEC. RRMSEP /],
Realv Rpres RPD K 7R P Rk 47
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W, ZEHEITE EIRBURIAT 2 B0, W T Bt
AR AT TRAC R, DAV BRI 25 A 5 ) D vl
WRITH. —r S5 (Ast) wT LA T 505 %
PR M 3E (2nd) FTLATHBREEMETS 5P RS AR
Y 1E A5 ¥ (standard normal variate, SNV) T LS
TEDRURE AN 5038 B BUR T SR IR 22 2 J0HL
SR IE Cmultiplicative scatter correction, MSC) fE
F S FRE RN AR AR JEZRALIE (baseline) T4
BRAC AR TS S AR 0 6 (S 5 12 m ;. S-G P
(Svaitzky-Golay smoothing) &3 i £ 1 2kt 7 1
P R HEAT 22 T /s IRl DAY e i, $2
mEfEELL; REE L (normalize) 7] H FRERE
AR SR = AR R R

AHEFER L T BL R LR AL BT S-G ~Fil
(S-G). KEIH—MiE. SNV, MSC. FELEATIE .,
S-G P +—Br % (S-G+1sH). S-G FiE+ [
SH¥ (S-G+2nd). Fr#EIEN A+ — B S
(SNV+1st). ZIuHUIE+—kr 3% (MSC+
Ist). B IE+—Mr 8 GELRIE+1sD). K
A= +—Mr 38 (H—f+1st.

(3) HRAEAR S0k . 414 1) b e /> — ik

(synergy interval PLS, siPLS) &K tikss sy N2 A
X 1], a2 AN X A RE AL & 8 57 PLS 3k H
RMHAA . AR ELE THEIEES N 200 30,
40 MFIXE, FdkE 2~4 ANX A BEHLZL S ST
PLS #7, & imik & X [0 ks 4 6 itk 43 A
20 N X IR R 4 NFENLA A -

F2h & O wise/s —3i% (moving window PLS,
MWPLS) 2 JE T8 2yt 138 1) 18] B i 5t /) — e A
B, AR, BEHS NI E D RET
PLS BB mAE N 4. AFAEER T %W H %
B (e T At BB 2%, 5%. 10%.
15%, B 31. 77. 155. 233) XJHERIIEIN, fxZ&
e 38 B 1158 P A 233 I () fi A AR B

(4) AFEITRAREE 7150} PLS BRI ANIF]
TRAREE 7 150} PLS B BE R SEM R 2 FioR o 45
A b & T AL B 7 BT 45 A 2 ) RRMSEC
RRMSEP. RPD W41, XM SNV XitilkikiT ikt
P 5 2 571) PLS #5275 RRMSEC iy 7.43%, RRMSEP
N 7.84%, RPD N 2.40, #HAIMMERE R .

(5) A[FARE T IE 7205 PLS BRI RZm : A
17 A 8 7 39 7 ¥ R 1 BB RIS a0 3R 3 e 45
A FeABCR F AR B g 72 TS A AL Y RRMSEC .
RRMSEP UL RPD {H A%, R A mi st
# RRMSEP f/)v, RPD ok, HEAPEREAL T HAth
i AR B fE A, MOREAT R R, A
AR,

2.43 CART &Lz

%2 TREMAIES AR PLS AL LRI

Table 2 Influence of different pretreatment methods on performance of PLS model

X Rk BAESE
AL B 51k . - RPD  HAFEH
Ral  RMSEC/min  RRMSEC/%  Rpe  RMSEP/min  RRMSEP/%
ToTiAb 0.92 2.27 7.67 0.85 3.07 10.02 1.93 12
S-G 0.90 2.60 8.76 0.84 3.16 10.32 1.87 10
S-G+1st 0.93 2.22 7.46 0.88 2.72 9.02 2.08 7
S-G+2nd 0.93 2.24 7.55 0.81 3.22 10.52 1.72 15
SNV 0.93 2.22 7.43 0.91 2.36 7.84 2.40 7
SNV +1st 0.93 2.08 6.98 0.87 3.17 10.55 2.03 1
FLRIE 0.93 2.25 7.64 0.81 3.23 10.34 1.66 9
LR IE+1st 094 2.05 6.96 0.76 3.59 11.52 1.55 5
H—1k 0.92 2.32 7.86 0.87 2.81 9.06 2.07 6
JH—4b+ 1st 0.93 2.15 7.27 0.80 3.66 11.84 1.68 1
MSC 0.93 2.22 7.44 0.91 2.36 7.99 2.40 8
MSC+1st 0.93 2.08 6.99 0.87 3.18 10.57 2.03 1
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&3 TRIZEFFEFEX PLS REMNFL
Table 3 Performance of PLS model established by different variable screening methods

AR Tk A i X [A) A~ 4 Real RRMSEC/% RRMSEP/%  RPD A EH
7 3999.640~10 001.030 0.93 7.43 7.84 2.40 7
SiPLS 5 203.003~5 499.987 0.94 7.02 8.32 2.31 13

5 804.685~6 101.669
7 910.570~8 207.555
8 211.411~8 508.396
mwPLS 5 631.123~6 525.932 0.92 7.87 10.04 1.81 12

(1) BEAREERISy: FEARLER R B
KR53 DhRe, BB ZBE LA URE A, #4468
ANREARRIY IS (382 ) FIRIESE (86 1),
Gt RN 4.

(2) ANFATALE T CART BRI
A LS “2.4.27 TR BT R OGS A B 7
FHIF . 53R 5 fvn, RAFEGR XG4T
AL PR J5 #2537 (F) CART %!, RRMSEP {Hi/NN
7.66%, RRMSEC Ay 4.94%, FifIVERERAL, WilE
LTI &5 Rl 2 Fos

25 PLS H#IRAS CART BiAERILLE

2 PRI AR AN SR 6 Fion. CART Hik
Fr A9 45 0 T % ZE 37, RRMSEC N 4.94%,
RRMSEP 4 7.66%, #5244 iU kS 52 5 HEAf
3 g

AHWFFCESL T —FIET NIRS BRI K& F
JARRES A A BT 73, T RAR R, s, e T
DU T P 3 AT T) g 9 e B [0 S ) 1) - 40 miiin
ARRER 5s fiAy, FFo M PEAS A% AR R T A,
PErE T OREY P A AN [R] R 43R o iR FH R 2

F 4 CART HENGEFMBRIESEBIBERITER
Table 4 Statistical results of calibration set and validation set of CART model

7 A 18] /min

e R % : : :

T A R A Emat RK
YIEE 382 81.62 29.80 18.00 25.00 31.00 34.00 45.00
SRS 86 18.38 29.94 18.00 24.00 30.00 35.00 40.00

®*5 ATRITMAIEFEX CART A RERIFNT
Table 5 Influence of different pretreatment methods on performance of CART model

. NS WAFAE
TRALBR 5 12 - :
Real RMSEC/min RRMSEC/% Rpre RMSEP/min RRMSEP/%

T AL P 0.75 2.92 9.78 0.58 4.08 13.63
MSC 0.94 1.36 4,57 0.71 3.39 11.32
MSC1st 0.93 1.54 5.17 0.62 3.95 13.19
SG 0.76 2.86 9.58 0.63 3.80 12.68
SG+1st 0.97 1.02 3.42 0.72 3.36 11.22
SG+2 0.89 1.93 6.47 0.68 3.54 11.83
SNV 0.94 1.36 4,57 0.81 2.73 9.11
SNV +1st 0.97 0.91 3.07 0.62 3.98 13.29
BLERIE 0.94 1.47 4.94 0.87 2.29 7.66
R R IE +1st 0.91 1.77 5.94 0.77 3.05 10.19
¥—1k 0.98 0.87 2.91 0.70 3.56 11.89
B4+ 1st 0.81 2.52 8.47 0.68 3.56 11.88
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Fig. 2 Correlation analysis between predicted value of

NIRS and measured value of disintegration time of Tianshu
Tablets

RIE AT AR, CART BLg iR, 4553
SR, BERITRIARZE N 2.29 min, SZRRAE AR
72 B AR TR 0 A T (29.824+5.87) min, (H[EZG
#L) 2020 FERRE R A<60 min, MAA L FUNE A8
A A A T R T s o AR ST TR F A

B L FE T4 A (process analysis technology s
PAT) HIKRE, &I b#fE AN H PAT T
FORIRTH™ i B KT, SR, qlok
AFIPR T T A LSRR ) PAT LA,
FH T S W s 2R A R TS TR 2 4y (active
pharmaceutical ingredient, APD) J&/Z, % T HuJPA
I B Bk AL ERL R TS BR A S 1 2
Fs AT ORAE ™ ity 25 (18291,

Rx6 2MEEMSRAMRLEER
Table 6 Comparison of model effects obtained by two algorithms

Q It Yol 4
i Real RMSEC/min RRMSEC/% Rpre RMSEP/min RRMSEP/%
PLS 0.93 2.22 7.43 0.91 2.36 7.84
CART 0.94 1.47 4.94 0.87 2.29 7.66

LIRS DA G R AR T g4 r=id
FEERAE B H R 40129 (process knowledge system,
PKS), JE&nl DL AR N 2% PKS R4,
SIS P Ak R R T v AT TR PR PR R TN
SER RS RS S, KA TS,
SR T REY B e B BeIsAT,  PADRIES™ i
J
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