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[ Abstract | Objective: To investigate the feasibility of near-infrared spectroscopy for detecting the coating
film thickness of Tianshu tablets. Method: Nine batches of Tianshu tablets were taken during the coating process.
Then, their near-infrared diffuse reflection spectra were collected. The sample set was divided into calibration set
and validation set by Kennard-Stone algorithm. The preprocessing method was selected. The synergy interval partial

least squares ( siPLS) and moving window partial least squares ( mwPLS) were employed to screen the optimal

[KFEBEH] 20190626(013)

[E€mB] FEZE“TAWNH "B T K% 5 (20182X09201010) [ 5 145 4 e il 1 255G b e Ak 5 8048 =X 57 95t H

[E—1EE]  HEARM, R Pt S B b 25 1 50 A9 B 58 5 FF & , Tel :0518-81152363 , E-mail : xiachytz46 @ 163. com

[BEEE] "HEHEASH MERF SR TEIN, NFPLHLHMRSIF L T /E, Tel: 02587181851, E-mail ; kanionlunwen
@ 163. com

- 118 -



5526 B 1 W FEXEAFFFRE Vol. 26, No. 1
2020 4 1 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2020

spectral interval. And the corresponding quantitative calibration model of partial least squares ( PLS) were
established. Some evaluation parameters were adopted to assess the performance of the model. Result; The method
of first derivative and Norris Derivative smoothing combined with standard normal variate transformation was suitable
for processing the spectra. The optimal PLS model was established in the preferred band interval of siPLS. The
correlation coefficient between the predicted value and the measured value of calibration set was 0. 966, and the
correlation coefficient between the predicted value and the measured value of validation set was 0. 991. Both root
mean square error of calibration (RMSEC) and root mean square error of prediction ( RMSEP) values were small,
which showed the fitness and predictive performance of the model were favorable. Conclusion: The near-infrared
spectroscopy technique can be used to determine coating film thickness of Tianshu tablets with high accuracy,

which provides technical supports for the in-line determination of coating thickness in the production process of

traditional Chinese medicine tablets.
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Table 1 Comparison of different preprocessing methods for NIR spectra

Ak 215 i RMSEC/% R, RMSEP/% R, RMSECV/%
SNV 0.512 0.935 0.579 0. 942 0.573
SNV + — B 38 + SG i 0.342 0.971 0.479 0.962 0.527
SNV + — W 550 + ND -3 0.323 0.974 0.472 0. 955 0.519
SNV + 550 + SG Fy 0.563 0. 920 0. 559 0. 945 0.578
SNV + Z -S40 + ND V-3 0. 499 0.938 0. 462 0. 963 0. 568

3.3 XEMEkeEE RS GRE AL W E T
D) M 5 K, BT A, BB R R REAR. R
siPLS Fl mwPLS fIf 3% A X 1], D RIS 2 4 5 4%
I = ASE T T OKG BB . SR siPLS AR X ], 4 4>
JE1E (10 000 ~4 000 em ™', 4t 1 557 AU RS 4y
% 20 ASF X JA], 2l X RV EGE B o 2,3 3% 4 A4S, K
WFoE 2l A X B 8 Ry 4 A, 8 H siPLS Bk 7E
TN A X A N EE S PLS B, ARFEh, £ T
Bk 4, BEXH[4,6,10,18 ], X HE2 5 @B
TEAR SR HOE A F 31 A, BIBR T K SR F R
AN OGBS X ], KRR RRAR T B Ar i gk, x4l
AR 5 199.15 ~ 4 902.16, 5 800.83 ~
5503.84, 7 004.19 ~ 6 707.21, 9 407.06 ~
9 113.93 em ' 3R mwPLS i & X i) , 3 K 74 4R
HIENS(—MERTFH <10) , FRETIEN

x2 RHFFMERBERREERXEEENLILE

31,77,155,233 AU H i (BRI 200 3% S 2oy 2%
5% ,10% F1 15% ) By XPRFAE % 4 X B 52w o > 77
F5E B & o 77 A U8 8 BF, RMSECVY i /)
(0.545% ) , EN ¥k 2, B K75 R 319,
B VE X ] S 5 376.57 ~5 079.58 em ™',

2 P v O B DX 0] Jr S 57 1 A AR 5 4 Y i A
RUM LG, BERIPERREF A BT v, WLk 2. S5 R A
siPLS 1 mwPLS I B X [ (1 8 £5 5 40 500 B A% 2 311
ASFNTT A BB T K 5 A T8 B AN A DG i ot i
D[R], KRR BEAR T AR i 4, {H siPLS I % X [1]
Jit S R RMSEC 1l RMSEP 52/ R, Al R, H
K, ZRW siPLS #5571 O 3 X [H) BT 8 57 A5 AU (9 1 g
S, TOINORG B fe o WRE B EREBEIX ] 5 199. 15 ~
4902.16, 5 800.83 ~ 5 503.84, 7 004.19 ~
6 707.21,9 407.06 ~9 113.93 cm ',

Table 2 Comparison of optimal interval modeling and full spectrum modeling of Tianshu tablets

KA X fii] /cm ™! Wk /4 RMSEC/% R, RMSEP/% R,
263 10 000 ~4 000 1557 0.328 0.970 0.276 0.979
siPLS 5 199. 15 ~4 902. 16,5 800. 83 ~5 503. 84,7 004. 19 ~ 311 0.249 0.983 0.128 0. 996

6 707.21,9 407.06 ~9 113.93
mwPLS 5 376.57 ~5 079. 58 77 0.308 0.973 0.256 0. 982

3.4 ENTEWEE R0 I/ X R Y
PG BE AN REA AR R . SR B — X H. 5
UEEfE PLS AR B9 N 7%, FEE £ 150
B4, RMSECV $5 2 T [, #5805 J8 R I b T, i
4 EN T oA ) — B 5, RMSECY i | 7t
BRI AT RE PSS B, AN P, BN T4
7 8 I, RMSECV #/Iy, Bt #% E N 1% 8.

3.5 EfoEifi i md s S5AaE RS B tie
P o A A 2 5 S s R A A R ) A

- 122 -

IEREAY UL 4, 45k AL IE 4 45 50 b 4y A5 A 8]
U 2 B4 T, 56 B 3 A A 2 S T P, A% L 4
18 5 52 0 {F (4 AH 56 2 %0 0. 966, 56 iE 48 T i 5 52
DU Y R DG 22 %K 0. 991, 3% BT 30000 i 5 552 00 {1 19 4%
PE M S PE 5% UF; RMSEC = 0.198% , RMSEP =
0. 062% , vt WS 7Y 4% 11 0 1% B v, vT DA T A 1
1w E .

3.6 XF NIR J6il bt 5 ik R i) 25 56 i i
4 NIR Pk 43 H1 7 25 10 10 5, % 96 TE 4 rh K 4T



526 B 1 1)
2020 4E 1 A

RESEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.26,No. 1
Jan. ,2020

TRHE /%

SPE/ %
B4 X&FHSRIEER NIR % 5l E 0SS EEX S

Fig.4  Correlation analysis between the predicted value of NIR

spectra and the measured value of coating weight gain of

Tianshu tablets

A AR BE 8 S5 T 5 30 DU AR A A7 0 ST REAS ¢ A 38
B, 255 ¢ {5 R 1.23,P =0.989 >0.05, i}t B NIR i3
G358 B 0 A A AR R B S S8 I A R) T B
ZE 5

3.7 ANEERUE 3 E L HERE AR AR N TR
AT A R 9 AN HURE A, B I [R) S R AL R 2
100 J 4% 2.4 T F J5 k4 NIR S, 5% H e & 57
4RSS TEASE A 0 0 A 49 o, 2 SR A A 4 i N S
A AR OC 2 %0 0. 998, Ui I Ml R R,
3.8 SEPRA A R A NIR S 52 Bl
SEBRAE = NIR O3 09 R DOR T4 8 AKX A4
77N NIR SGEF R 3k 42 28 7 A A B 7R 74 1 ij I
5 WS 55 AT, LA I R A R R R %6 .
A A A R 0 IR AR S, AT DUTE A5 Sk 1 TOUER A A
T — AN A R A BB B e T
PRLIE S R R 15 ~20 em, ALAHT, NIR S 43 15 #4
IFRIET 5o BB A B A LA By i, I8 3T AR
£ BRI VR B T E XU B R R XX A A RUXL
&, AR AT A, S BRSO IR S, TR
WA, I oA T S8, E A, IR iR
K4 NIR St .

3.9 AL G NIR 5 BEXFSE bR = rp
PNAIAR 2 5 7 ¥R BN 2 45 1 — i T AR
(R T 28 i T 3 o LA AL R Ol S 6 i AR 4R A G A
MR A i A A R (W) AT
G, [ NIR 3% IR h R 4 o A AR v, AR 4 i 2t
M E AR EAR B BRI R B B AR E (W,) . #&
W, < Wy EARKRTES ik, BEE LR

BEE W, ELERT W, WA Bk A K
4 itig

ABEFE R AT NIR St 3 o0 My R 52 1T R & A
A AT R PR (I 2 T vk o A SCHRBIE S R, A —

SEVO N, LA e R R LA R A e . A
SCrf AR JE B AR bR A A T B OR
K EMEFOR R Z —Z 0B, AU
FBRALAR R 3 T A 7 RO R AR R i B
i R0 I B 5 AL AR R R R R R A R T e A
U % o A

AW TF LG B, Hy e 700 2 T REU RS 5 2 T 48 K
WRF MK EZRH T &, ERKIETTH
90 min B G AKHLN R R RIHER T —ZHELEN
RS, B S AR B A B M. KA 150 ~
180 min J5, 1 T2y 500 ~ 600 F 14K 7 & AL A AL
PR ARSI K, R AR

NIR 1% 32 22 43 4 5 i 32 W 43 ¥ 9k 5 DA
B SRR AR AR B R A Y, BB RS AL X-H
(X =C,N,0,S) ¥R 3 B A& Mg ™ . F
LA I B R A A RO AR TR A0S T A B R
R WS AR Ay 2ok AR, 5 O R AR 8 20 B A o
WHA —EMEETE, 6989 cm ™' 16 935 cm ' —
F R 95 Rl A B W, 4 987 em ' A Sy B R L i
gi 2 AR S, 5 5 199. 15 ~4 902. 16 c¢m ™
17 004.19 ~6 707. 21 em ™' W4, 5 SCHk R E 45
FEAR T I R B AR X AR B SE T
FH ) i 78 3 B A TR ) o R o Sk A A R
765 800. 83 ~5 503. 84 cm ' A HHAE W i, 5 SCHk IR
LT Y R HRLFE 5 986 ~5 369 cm ™ 4R AE W Wi A
w4 AT R 3R A W R BE R C-H i 4 R 3 1Y
— Rz X, Howu o B g A& 9 407.06 ~
9 113.93 cm ' AYfFE B S AN ,9 540 ~6 780 cm ' S
NIR Y63 i — gt X7 5 6 4K 4 R F0 R0
(R AR TR DG, JEC I S 1 IR 28 8 43 1) AR AE IR S
it — 25

ARAFFTERUE T NIR 6335 2 #r AR K K
EF R AL A U RS BE A T AT Mk HL O Uk v R R
L3 A A R 5 A AR BT Y 1 ) 2 8 DD AR O
(8, o] 7 A A S R v B O ik B 0 A B S 1) 34 )
BEA NIR 3% 47 AR o7 21 52 B AR 7= 1) 55 — A X A
PN SR RN - 3 1 Sy R R O (2 sl
i A A A I o B A0 W T R R F 5T, B0 1 B 0% S B
se A X T 2 70 A et R G B, 4R P 2 R LAY
LA T

[&&xmk]
[1] HERZMEG S e NRILMEZGM ., —~FIM].
Jb 5t b [ B 25 B4 AR A, 2015 :599.
[ 2] Cahyadi C,Karande A D,CHAN L W et al. Comparative

- 123 -



526 5 1 1)
2020 4E 1 A

[l 5256 77 71

Chinese Journal of Experimental Traditional Medical Formulae

LA Vol. 26, No. 1
Jan. ,2020

[3]

[4]

[6]

[9]

[10]

[12]

[13]

[14]

[15]

study of non-destructive methods to quantify thickness of
tablet coatings [ J]. Int J Pharm, 2010, 398 (1/2):
39-49.

Pérez-Ramos J D, Findlay W P, Peck G, et al.
Quantitative analysis of film coating in a pan coater
based on in-line sensor measurements [ J ]. AAPS
PharmSciTech,2005,6(1) : E127-E136.

ERR, IS, 2 E FDA 746 7« G157 9 25 9 JF
B R R R AR SR R ——PATLT]. hE 2y
Z,2009,34(24) :3304-3309.

LIN H,DONG Y, Markl D, et al. Measurement of the
inter-tablet coating uniformity of a pharmaceutical pan
coating process with combined terahertz and optical
coherence tomography in-line sensing[ J].J Pharm Seci,
2017,106(4) :1075-1084.

Santos-Silva B, Colbert M J, Santangelo M, et al.
Monitoring microsphere coating processes using PAT
tools in a bench scale fluid bed[ J]. Eur J Pharm Seci,
2019,135:12-21.
Garcia-Mufioz S, D S.

assessment for colored immediate release tablets using

Gierer Coating  uniformity
multivariate image analysis[ J]. Int J Pharm,2010,395
(1/2):104-113.

Sacher S, Wahl P, Weillensteiner M, et al. Shedding light
on coatings: real-time monitoring of coating quality at
industrial scale[ J]. Int J] Pharm,2019,566:57-66.
KT R IMINES | ST LT A0 S 4 T B R FE
TR e R B UR Y il L AR R N
FH AR —EZG AL ,2016,18(2) :313-317.

Bl vk, kAR TR E F A RAN P
e I URLIR & ¥ S BE SR L0 AN 3 ek se [T ] i 2)
22,2016 ,41(19) :3557-3562.

E A0, i lse, EAE ), & L F IR stk A e &
HRS A SRR KA RGBT P E %
7 F 45,2018 ,24(6) :7-11.

Podrekar G,Kitak D,Mehle A, et al. In-line film coating
thickness estimation of minitablets in a fluid-bed coating
equipment [ J ]. AAPS PharmSciTech, 2018, 19 (8):
3440-3453.

SRR B IR V0 I, A S £1 A0 ' 1 PR S A
BIHE R AR EEEY R T] P EZ,
2018,49(4) :63-67.

Avalle P, Pollitt M J, Bradley K, et al. Development of
technology ( PAT ) methods for
Eur J Pharm

process analytical
controlled release pellet coating [ J ].
Biopharm ,2014 ,87(2) :244-251.
Hudovornik G, Korasa K, Vreder F. A study on the
applicability of in-line measurements in the monitoring of
the pellet coating process [ J]. Eur J Pharm Sci, 2015,
75:160-168.

s, RIS BR B8 , 45, T £0 4G ik e sl o B Oy
PSR IERE[T]. R 25,2006,37 (5):
685-688.

- 124 -

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[29]

[30]

Lee M J,Park C R, Young A, et al. Dynamic calibration
for the in-line NIR monitoring of film thickness of
pharmaceutical tablets processed in a fluid-bed coater
[J].J Pharm Sci,2010,99(1) :325-335.

Korasa K, Vreer F. Overview of PAT process analysers
applicable in monitoring of film coating unit operations
for manufacturing of solid oral dosage forms[J]. Eur J
Pharm Seci,2018,111.:278-292.

Moes J J, Ruijken M M, Gout E, et al. Application of
process analytical technology in tablet process using NIR
spectroscopy : Blend uniformity, content uniformity and
coating thickness measurements[ J]. Int J Pharm,2008,
357(1/2) :108-118.

Andersson M, Josefson M, Langkilde F W, et al.
Monitoring of a film coating process for tablets using near
infrared reflectance spectrometry [ J]. J Pharm Biomed
Anal,1999,20(1/2) :27-37.

LI W, CHENG Z, WANG Y, et al. Quality control of
Lonicerae  Japonicae  Flos using near infrared
spectroscopy and chemometrics [ J]. J Pharm Biomed
Anal,2013,72.33-39.

CHEN H,PAN T,CHEN ],et al. Waveband selection for
NIR spectroscopy analysis of soil organic matter based on
SG smoothing and MWPLS methods [ J ]. Chemometr
Intell Lab Syst,2011,107(1) :139-146.

PRITEE &l AR 45 ST I A3 E H
P LA R LT ], B2 ,2017,38(1) :
99-105.

SN SR B, A A S LL AN G R S5 A X 18] R B /)
TR T AR A R A i I E [T ). R R
+%,2017,25(2) :62-64.

Galvao R K, Araujo M C, José G E, et al. A method for
calibration and subset partitioning [ J ].
Talanta,2005,67(4) :736-740.

Gendre C,Genty M, Boiret M, et al. Development of a
( PAT ) for

and mass of

validation

analytical technology in-line
of film
materials during a pan coating operation [ J]. Eur J
Pharm Sci,2011,43(4) :244-250.

REEE. SARIL 040 ik AT Bk [M ] db st h E
£ 4k AL, 2006 :9-10.

ol JE , 2 W A, X 0, 4. — ORI 3 41 A0 48 SUEL
HOAR R W A R S T s T
71.201711403783.8[ P].2018-07-24.

Méltgen C V, Puchert T,Menezes J C,et al. A novel in-

process

monitoring thickness coating

line NIR spectroscopy application for the monitoring of
tablet film coating in an industrial scale process[ J].
Talanta,2012 ,92 :26-37.
Westad F,Schmidt A, Kermit M. Incorporating chemical
band-assignment in near infrared spectroscopy regression
models [ J]. J Near Infrared Spec, 2008, 16 (3):
265-273.

[REHE XfEX]



