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Near-infrared spectroscopy for online quantitative monitoring of blend uniformity of hydroxychloroquine
sulfate raw and auxiliary materials
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[Abstract] Objective To establish a quantitative analysis model for online monitoring of the blending uniformity
of hydroxychloroquine sulfate raw and auxiliary materials, so as to accurately and quickly determine the blending endpoint.
Methods A mixture of excipients and hydroxychloroquine sulfate raw material was prepared with a labeling percentage
of 70%-130%. The near-infrared spectrum was collected; and the standard normal variate transformation and first derivative
by Norris smoothing were used for spectra pretreating, with 8 372-9 045 cm ™', 5 616-6 058 cm ™' used as the spectral bands.
A quantitative analysis model was developed using partial least squares regression. The quantitative analysis model was used
to predict the labeling percentage of hydroxychloroquine sulfate in the blending process of raw and auxiliary materials, and
the blending endpoint was verified by high-performance liquid chromatography (HPLC) analysis. Results Five primary
factors were used to establish the model. The root mean square error of calibration was 0.96 and the correlation coefficient of
calibration set (R.) was 0.998. The root mean square error of prediction was 0.97 and the correlation coefficient of validation
set (R,) was 0.998. The root mean square error of cross-validation was 1.56 and the correlation coefficient of cross-validation
(R.,) was 0.995. The prediction results of the near-infrared model was consistent with the results of HPLC verification.
Conclusion The near-infrared model in this study can be used for online quantitative analysis of the blending uniformity of
hydroxychloroquine sulfate, and it can accurately and quickly determine the blending endpoint.

[Key words] near-infrared spectroscopy; hydroxychloroquine sulfate; blending uniformity; quantitative analysis model;
online monitoring; high-performance liquid chromatography
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performance liquid chromatography, HPLC)
SEUS) XL G M R B Ay HT R IR R
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LA (near-infrared spectroscopy,
NIRS ) ZrHr e R B A o Hrid B . & m .
. A REERF, PRI i H i 24 9l
e HA RIERT S AR Z —", K NIRS 4347
HOARR T 25 0 i EHE A o R 5 S8 12 240
P15 (Food and Drug Administration, FDA ) &
HI LR HTH R (process analytical technology,
PAT) "o F—3",

T R 28 SR W i PR B T IAR 7 2 R G 9 R A
FRGMEL TR, LI RRE A B (IR
TR F SR 27 i o it () LA P B B o ABIFSE LA
TR RS A T TS &, I FHAH SGT T3 0 Mo Ak
Fit e R/ 3R EE (partial least squares
regression, PLS) Fyk, B WM R RHE & i
PR R bR s 1 20 & S E B sy, LA
IRENMER . PRECHIBIR A28 0 B Y.

1 #MEFTE %

1.1 B L5 Sartorius BT224S 7 #1 K
( 785 Sartorius A H] ) 3 HA-202M %5 H1 K
- (HA A&D 23] ) 5 UltiMate3000 =535 A (2
WA, Antris TIT£07MERE(Y ( 36[E ThermoFisher
NFEDD) O BRERFREME . BEREREE . W AR, Bk
ER (B E25rh a2 AR AR ) 5 HEE, &
& (faikali, 32E ThermoFisher 2AH] ) 5 KK
(UM EER I RTARR A E ) 5 B (Zrbral) |
BERR A ME (8 98% L 1) | IRLeiE R 4N
(s 4L 98% ) ¥ [ 11 Z 30 RHR e 4 A FR
ONE BRI (BT 4L 98.9%, it
RO52K0, SEEZIMZETLy) o

1.2 BB HR &L IR EMEE R,
3L 6 Atk (HE5h 180502, 180503, 180504,
180405, 180406, 180407 ) , HliRl AREASHREE . W
R FORTER o B R S (AR R B o ol
100%, Bl A e 5 amet i el 2.15 - 1,
WERRMREE . WAk . FRIER 3 Bk L]

11 1o KPR i B R 2 s A L
MR 1.465 1 g, MIREFEER/SRE S EN
100% I, Bl EME R 25 Bl 1.000 0 g, fifl
NRIREE . Ok, ToKIEMm YT 0.1550 g,
Sl IR E PR R A S 70%. 75%.
80%. 85%. 90%. 95%. 100%. 105%. 110%.
115%., 120%. 125%. 130% MIRES, FE/NGERR
HFIRAHA, XFF 70%. 75%. 80%. 120%.
125% . 130% Wbras @50 & &, B nm a0
T Nl 3 M EER 4T 85%. 90%. 95%.
100%. 105%. 110%. 115% BbrRs A5 &,
BN E S Nl 6 yRESh . LIS 60 EE
ai,  REOYRE LI JEORL (R E R B AL .

1.3 #abigey RE M Antris TEZLAMN S0
TESCRAERE AL I8 AP, REEEBCR 4 000~
12000 cm ', Z3p¥E% N 8em ', WS {E M 2X, H
B 64 YK, FEFE 1 h T 1 IR SOGIERR
B, BARERIET S YOLRERE, T UOLIERAER]
TR R Z BIE 1 IR LIRS 1P R
SRR (B 1) .
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Fig1 Sample near-infrared spectrums

1.4 AEZRSLEGRSE ARG
A 14.650 0 g t3/R H A& 100% [ IE 5+ i
FbR/REH A S 80% Ml 120% MR & R,
R TahmdtiRG ., A E R RS NIRS, K
50 10 s SRR | k. BN E S E RN
il e 3 R GRS, RO T R R ¥ S 1Y
HERBEHL . DI RESAT: REW BN 4 000~
12000 cm ™', 23RN 8em ', ERE(E N 2%, H
FERECH 4 W BOHFESRIRGEEIZ) 20 min,
AR 121 5061, AR A AR 100% R AYTR
At PR MIET 10 ZO6REIE 2 R .
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Fig 2 Near-infrared spectrums collected
during the mixing process of raw materials

with a labeling percentage of 100%

1.5 FEHRAE4ASFenE  H HPLC JER
i PR R R A A Y A% Thermo Cq
(4.6 mm X250 mm, 5 um) H, FshHhHEE -
ZIE +0.25% BERRKEEE (90 = 120 2 790) , Ffm]
800 mL 0.25% WEM/KIEW T INA 96 mg Sehifit i
Ao WEM 1 mL/min, #EFEER 20 pL, Rl K
343 nm, RN 25 C.

RAE 121 KRGS, BRI LA e
ST AL L 4 A SRR AR IR 1.3 TR PoRE
NIRS, T AHNAYITLTAME o WA AL i i
HURE S R JRURL G (A bR R 1 0 o BCER TT I F s
MBI ZR L 4 A SRR S e IR R (g AR e
JITHURE & RN AR R A i
1.6 HALZGX S RASEMEREFEARLEL
Ay AR IEAE R UEAENY B S AN R bR R E 4
S N A EERECRTR, 3T EA 3 MR E
A3RREEHFIHER 1 RIA RIS, &8 6 yFEAh T
AR EE IR 2 () AR, R RIARIE
£ AR 7 BRARAIE T A 1E 4 A6 TIE A 43 A (1)
B5pE, RIE T SR SRR S M S A EMC AR
o, AR T LI AME R A ST
1.7 #EG e K 3 RS AN . MR
B WA, EREk REHEREA Y NIRS,
IEIRTUE 3 AR A AR R 1 3 2D SR
FHAEST 3 2T A e i AT R R A R v A R 72
IO AN E R i AR UL i SN SR e 4 XU 'S
ST LB RS A B i . PRIk, A
JIT I B S T BEHEBR B ARG X R 6 S s i
ISR . A 3 AT, R 8 372~9 045 em ™',
5616~6 058 cm ' PN = EE AR EL M IR,
ML 2 AU BCEAL, g T B R AR TE 1R

2235 (root mean square error of calibration,
RMSEC ) | FiilliRZ7574R (root mean square error
of prediction, RMSEP ) | 2 H IR IFE 1R 2244
Ji#R (root mean square error of cross-validation,
RMSECV ) , DIKHMIEEMKREL (R) | Kk
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Fig3 Near-infrared spectrums of hydroxychloroquine

sulfate raw materials, excipients and mixture of both

1.8 R#EFA  NIRS MU G2, i H
SR Y EF MRS, A ST 2 i NIRS i
A7 TR AT LA i (AR A AR f v . XSO
(eI Gl ( multiplicative scatter correction,

MSC ) sl E brifEIEN] 284 ( standard normal variate
transformation, SNV ) AbHA] DL FE{K4) B K 2 %F
NIRS A5 . 1z F—FKkS (17 derivative ) B
H Bk S (2" derivative ) 454 Savitzky-Golay
(S-G) P uEo# Norris Vi U8 WX EIE I T
SEFERT LA SROGIE(F S, DEEROGIEME A . DIRALRY
RMSEC., RMSECV MIHAHXREL R, R, TEHTF
AR, BEREEAT g b By 5, AT
F T BRI HREEE I, DLIAR 2275 Fl
( prediction residual error sum of square, PRESS)

IR
2 F B

2.1 WuSRFLSMAERGEL EH TQ
Analyst 9.5 #4454 PLS Bk im 4L o E i
AT AT 8 372~9 045 cm ',
5616~6 058 cm ' (£ 1) . WAL
RMSEC. RMSECV KA FREL R, R, HEFOL
R AL B A (3 2) o BRI RMSEP #/)hijd
HFRSC AR ) T 0 65 SRt AN g ST AT 2T 4
FE BT RE SNV, —Br 380 Norris “F-1
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BGE AL O . E FE R EEEH, PRESS RMSEC 4 0.96, R,y 0.998; RMSEP 4 0.97,
/N U IR TR ) T BE ) #k g, ARFE PRESS B R, 4 0.998; RMSECV 4y 1.56, R, 4 0.995. UL
(K 4) BRI BN FECh 5. Frasial g A s,

*1 BREERERE
Tab 1 Selection of modeling spectral band

Spectral band v/em ™' RMSEC R, RMSEP R, RMSECV R,
5616-6 058 2.36 0.989 2.56 0.988 2.62 0.987
8 372-9 045 1.78 0.994 1.17 0.998 2.04 0.992
8372-9 045, 5 616-6 058 0.96 0.998 0.97 0.998 1.56 0.995

RMSEC: Root mean square error of calibration; R.: Correlation coefficient of calibration set; RMSEP: Root mean square error
of prediction; R,: Correlation coefficient of validation set; RMSECV: Root mean square error of cross-validation; R.,: Correlation
coefficient of cross-validation

x2 RETEGTXAEE

Tab 2 Selection of spectral pretreatment methods

Pretreatment Primary factorn RMSEC R, RMSEP R, RMSECV R,
SNV+S-G 3 1.82 0.994 1.95 0.993 221 0.991
MSC+S-G 6 0.99 0.998 1.00 0.999 1.83 0.994
MSC+-1* derivative +Norris 6 0.90 0.998 0.99 0.998 1.51 0.996
SNV 1* derivative +Norris 5 0.96 0.998 0.97 0.998 1.56 0.995
MSC+2" derivative+Norris 2 2.27 0.990 2.32 0.990 2.75 0.986
SNV +2" derivative+ Norris g 2.13 0.991 2.15 0.991 2.62 0.987

SNV: Standard normal variate transformation; S-G: Savitzky-Golay; MSC: Multiplicative scatter correction; RMSEC: Root mean
square error of calibration; R : Correlation coefficient of calibration set; RMSEP: Root mean square error of prediction; R,: Correlation
coefficient of validation set; RMSECV: Root mean square error of cross-validation; R,,: Correlation coefficient of cross-validation

250r 22 EL&RASIRFRBRAZAELSTEN B
200 JIF A7 () 2040 RO HT R 1.4 300 P R
éii FESERY ik, BRSO LIS 6 B
T o FEIR A WA B R A 0 i AR AR L B

T B, 2t T IR A R R ) T
L ke, S AN E . bR E A 100%

Ed4 EEGFENRETSM (PRESS) (9 3 By RE L TN 45 2R 35000 98.70%~106.05%
Fig4 Prediction residual error sum of square (PRESS) 97.44% ~106.02% . 102.83% ~108.87%,
diagram of the model FXT#n i 22 (relative standard deviation,

RSD) 20l 1.81% . 2.13% . 1.95%; ki

130 Ha&E R 80% Y 3 Oy & /Y T 25 51 4
| K 75.09%~86.90% ., 81.32%~88.42%
E 79.75%~87.91%, RSD 43 3lK 3.47%.
3 g} o Calibration 2.81%. 2.91%; tr/n A EHEN 120% B 3 4y
| - Validation R TR 25 520 0 118.18% ~ 124.79% .
o 08 115.94%~123.44% . 117.46~123.31%, RSD 4%

7080 90 100 110120130 A 1.60%. 1.56%. 1.73%, LI E¥EIREEGE
Actual content (%)
‘ FEPCREMRG 21 065 M 245 R . R4 3
B 5 RBEEESELINEESHTER . N " e
FigS Near-infrared quantitative analysis model of @@EET%%TJ} % (Parenteral D rug Association,
hydroxychloroquine sulfate content PDA) % 25 SHAME CRGHYESHr: W
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Eo6 ARIFRESREFREREIRFREBESE
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Fig 6 Predicted results of hydroxychloroquine sulfate
content in different labeling percentage samples during
blending process of raw and auxiliary matrials

API: Active pharmaceutical ingredient

2.3 RAHAHEWMIBIE ARHE 1.5 BT A
YR A 58 R TP 8016 5 225 7 B8 1 i 22 1Y
Xt E . BUER) RSD MBS % {HA) RSD., MNFE
3~5 AT AR AT, AR A b T HORE
AITIINE Y RSD FIZZ (A1) RSD /T 5%, [
P A HE TR R S TR A 1501 25 SR U0 i 2 57
(3T 2T 40 5 12 0 AT ASE A8 i L 2050 o 1 b 000 A e
G JFURHE A i A8 b R 25 (bR A 4T o
IERFE R IR A5

x3 WTRESEEN 80% HHERMKIEER
Tab 3 Verification results for the labeling percentage

80% sample

%
Blending  Predictive value Reference value  Absolute
batch Mean RSD Mean RSD  deviation

1 80.13 1.35 80.55 1.36 0.42

2 81.52 2.05 81.31 2.42 0.21

3 81.10 2.19 82.76 2.65 1.66

RSD: Relative standard deviation

R4 BRTEFTEEN 100% HERPIELR
Tab 4 Verification results for the labeling percentage
100% sample

%
Blending  Predictive value Reference value  Absolute
batch Mean RSD Mean RSD  deviation

1 101.33 0.30 101.88 0.59 0.55
2 99.70 1.54 101.81 1.53 2.11
3 102.58 1.06 102.60 0.61 0.02

RSD: Relative standard deviation

®5 BRTESEEN 120% HNERNKIESER
Tab 5 Verification results for the labeling percentage

120% sample

%
Blending  Predictive value Reference value  Absolute
batch Mean RSD Mean RSD  deviation

1 119.17 0.74 120.32 1.63 1.15

2 117.89 0.66 119.14  1.08 1.25

3 120.90 0.88 12045  0.52 0.45

RSD: Relative standard deviation
RIS S

TR NIRS S AT A WA 1k /2 Sl i
HREIR A R, AT LT AN E B TR,
FHAT 2141 5 43 AT AR AR T 000 TR A5 2 R P B PR 2 S
WE AT N B4 Stk , HPLC BYIRIFSS S0 ir gy
14) 3T 21 MY BE A L 5 v B 1) s S R A5 3k
FRBL R A2 SV bR B o B . W0 A 1R 2 S
SRR A AR, ER R IR AN

AW FEAERE il S A e 6 PR A BRIR
oG OB G TS, PRSI IR 9 sk 24 2
[ S AEfEtb i) 22 5, (d R e —HE R A Rk 25 1A 7
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A5 HE 37 A5 B T B IR P2 M B AR R 4
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7N B 53 S i AL T AT AR S S I
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G T R

A5 S 7E S50 % T A RADL AL 7 e B Y S
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