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Abstract: In this study, physical fingerprint and multivariate statistical analysis was applied to characterize
the quality consistency of different sources of carboxymethylcellulose sodium, and the visualization of R language
was used to explore the intrinsic correlation on its performances, and we drew contour maps between independent
variables and flowability of powder to find the design space. Through the physical fingerprint and multivariate
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statistical analysis, it was found that there were differences in the powder properties of carboxymethylcellulose
sodium from different sources, and its moisture content, bulk density and tapped density have a great influence on
the fluidity. The fillibility was positively correlated with flowability, both negatively correlated with compressibility
by R intelligent visualization analysis, which was statistically significant (P < 0.01). When the angle of repose is
30° - 40°, the appropriate design space was found as 5.092 2% < moisture content < 7.006 7%, 0.560 2 g-cm? <
bulk density < 0.579 9 g-cm™, and 0.646 3 g-cm™ < tapped density < 0.816 5 g-cm™. The results show that it is
scientific and feasible to evaluate the quality consistency of pharmaceutical excipients by using the physical
fingerprint, multivariate statistical analysis and visualization methods, which provides new ideas for the production
and quality evaluation of excipients and the development of generic prescriptions.

Key words: carboxymethylcellulose sodium; quality evaluation; fingerprint; multivariate analysis; data

visualization

(R B 2 5 H SR SRR 1 214 dl . 361
A b Fh RS, G o I A7 1) 24 5 AT Ak — B R
[ A 26 1, dl Bl AR A g 434> . 2019 4F [H %%
Bt 70 A JT 20T B e [ 5K 4 2R 24 it A v SR D el FH A i
J7 ERE A A M © [ KA R, Sk
Jiti 4 + 765, A SRR b A& AR ML AE 5 AR @
MBI Jo R T A% — B A B4 ) 240t 8L 38 44
2y i g e i R AT FERTE AT, v [ 7 ) 24 4l
Vo R o a4 ) SR | SO T A AR B 2 AR (25
FHARORE A Gon) A2 55 F &40 o [R]— D e 24 F 4kt
s o A% B 8 ) 54 RS i 1 e Rk ) R PR AR AR 7
A R B R A M PR AR

48 F SR N R IS PEER” (RIS PR 304E),
HSEBR_FAREA 584 2 T YRR, 1R 2 8RS 524
(active pharmaceutical ingredients, AP1) [ 4 H 1 J 2>
S 25 o 1) 22 e P RO AR, T EL AT R S o R o
17 1% ~99%"T, A kb4 el of i 751 Jo 2 1) s i LA A L
B AR R — B AN AE AT o S A ) B
i, 10 ELSF 299 (0 D FF R AE = B 0GB, R Ok
-4 BN (carboxymethylcellulose sodium, carmellosum
natricum, carmellose sodium, CMC-Na) & 344 tt: 7 |
fEAVE R HER KA R R —, BHHRE
(00 A ) RH 5 1 A 0 e e A A AT 1) e 92 SR PR ST,
A S ] A a1 700 £ 285 - 700 R0 A4 ot 700 1 Bk 34 A e 3
Fh70), ] DAVE A RSB AN K 1 B 5T, A G2 4% R A
IR ARG RE B B R R IR M k. Herp AR
S 7% A 70 FH B 1.0%~6.0%, 6 AL M R
N 2%~5%, &t 1% 77 F & 4 3.0%~6.0%, I kK H &=
4 0.1%~1%, 135 ¥ H & 24 0.05%~0.75%, F. A7 H
N 0.25%~1.0%". [ 4 5 24 5% [E Ashland
On ) R [E DOW b 27 2y &) A1 [H 1) Bolak 23 7] 4%,
WA= T 58 3 B 22 0L e 24 R AR PR 2 =] B
Ji& B 25 F AR A FR 2 ) Ok ] 4 245 F ARk A BR 2 7]

1R 7R R 24 AR IR A =) 88 )5 NARSE . (R IR IE )
CMC-Na a7t R B TR /> By JLJ5 T, g R 77 S AR
S . AP AL X CMC-Na 77 i [ — S804 2 4
H T e T A 35 AR A R, FE 1 BT AR 2D TE Al 5T
EEOR T IR 7 B AT G TR SR 24 BLEESR (H AN [E) IR
P B[R] — £ 2 B 0 AN [ 41k 7 2 T8) 1) 53 £ R e A7 AE 22
o H HTZ F R A B 1 1 e T2 AL HRAR
1A B2 9 EE (Hausner ratio, 1H) 47 7 48 5% i &
WMFRVEEN, XETTE S HAR A, H B SR AT E
B—RR, B—MIERmEERZ . NI A
B 77 B S ] RAE R AR B IR sh P 78, R )Pk
o i 1 2 FH R R AR R 4 (1) 1] s M8, G e T VR R SRR
BRE ARG, HARE N NI E R, Tk E & B UL T
WAE R R R

Sufié-Negre 519142 H [f) SeDeM & K R 4t /& — F
FH T A i) 77 Ak D BT ESAL 5 B T ) 7925 %R GAMN SR
BTk R ELE T2 APURISRE AT IS 46 v i M FE A5 2,
I T JEU AR 8] 5T & — BCrE VY | [R) D e dok ]
R A 2 e Rk ) S5 ) 5, 2 245 R R ot 2 A PR T
B. ZruathTiE_MAaZ AR SRR EMILR
RIS b U7 ik, A4S 32 4 (principal component
analysis, PCA) #1 [A ¥ 4 #1 (factor analysis, FA) 1,
PCA & — T 845 & 2 B 2 > S BB b i A o b L
JUN SR TR PR IO 20 B 7732, HoAZ 0 2 A 2% RS DTk 28 #
KA 7y, B GG HH v i) LS 8, 70 H At = sy
PR 0, RZ2—DH 7 2k GRS
TECVE B A, Hgn R s 5 AR 0 KB 4 U
AEER A3 BT A AT AL (BLAE 5 B S ok 1) BT 4R B )
AL TER, HATR A RE S R S 24T AT AL A
FOAE BN, B2 RN H MR T2 . #
PEATHAL IR L T — P R Tk R Ak B 2 AU =
RIEE 3, R B s, RGN &R, XALFES T
EYRN oy oS R



TR IR AL Y B R — BTN Kk BE S B BE FTALAL T A - 1925 -

117 P SR 4 B i S0 PR st i el — Bkt
ATV BRI FEAR 2D, B = A QB SR RE 9, AR SCAE S
254 L 45 2 3 A1 SeDeM % 5K & 48, Y AS R K TR
CMC-Na Fy b i 27 PR it — Bt iz Fl PCA 70 i % 28
X VAL B 5 I (1) 5 55 A FE SR AT AR EAL 0 BT B R
AT AL T RS L 4 T CMC-Na i s 1 vl R 1 3R
7o M 2 18] B A DG M 3 T R & U T % 110 (quality by
design, QbD)“PAuf AL, RIMI GG 11U 5E 1 24 i i =
MELE, ] TE S AR R NS S, e T
LIRS Sancs 1R

MRE5RE

X B IRZE A R4 (BT-1000, FH 4R F 4F
1 #8F5 R 2N &]); 3% kL B AL (Malvern 2000, Malvern
Instruments 2 &]); ZP8 Jie 7% =Xk Wl (Bl RAE S
il 25 6 PR 2 \1); 4 F 3 FE AL (TBF-1000, 3£ [ o
FI 2]

MR CMC-Nak¥i: AEAFE &, s
C182956.C171814.C175546 (%5 A-1.A-2.A-3); B/~
%, it 5 18051522, 18090921 . 18058151 18098101 .
18038121 . 18031213 (% 5 B-1.B-2.B-3.B-4.B-5.
B-6); C/ %, it 5 180708.180120.180108 (%i 5 C-1.
C-2.C-3); D/ %, #it 5 X180902.X180903 (4% 5 D-1.
D-2); EJ %, it 5 20180706. 20180101 20190105,
20190205, 20190404, 20190405, 20190406, 20190202
(%%*5 E-1.E-2.E-3.E-4.E-5.E-6.E-7.E-8).

CMC-NaJEERERBMRIE WiEHiERIY
PR M 2 FH D Re, B A HE T 2 8 P 2 54 5T,
R HER I R sh M 38— o] R AR e, VR AR A
VIR SC B 1) — e dR AR . HAR B RSLE S
Wrgh b AR 1A VR <50 um 1 43 b R AR BT 23 A 0
R I 114N 58 B 25U B CMC-Na 1) 3 45 4L
B ) — 2R 48 H

CMC-Na 4712 R E 15 #r a9 E 75 7%

FA%EFE (bulk density, Da) B4 3% 19 19 100 mL
R, BN A In 2 & v, AEISCK 2 R EE
i, JF B B AR AR T, R Sk
PR . HESESEI 3K, W3RN E NG, &
fa N Gy, B AR Va=100, N 5 m=G-G,, Dait
R T:

m

Da=—
Va

)

Pk S35 FE (tapped density, Dc) B & B RE L 218
TONAR 52 B AF o, 530 8 min Ja, F&IAOK 2 B 25

AR 2 R IRLE I FH B R 2 A AR A I R
T, e ARG EFRE, ESMK 3K, %3
WY E NG, B ERBINEENG, B
Vc=100, £ it m=G-G,, Dc it 5 A=l F:

- m
Y 2)

HL4E <50 um 1 43 Lk (particles < 50 um, %Pf)  f§
F Malvern 2000 'Kz B2 3 A 43, HOE &4 I oK, B
TR T, T SR A (] D 12 s, 4 S
J 74 0.3 MPa, ik 5l 3t # 1 £ 70%, 37 )t % 04 0.5%~
2.0%, 14 09 1.45, TH5ERLAR /N T 50 pum A AR o Y
ER A

K AORLE 43 A 95 (size distribution width, span)
A8 PO EE A 2000 0 5 H 4ARE FBE 43 AT 0 FE

KK E 43 AT (size distribution range, width) e
15 F O KL A% 2000 Wl 7€ FSURL Dy Dgo A1 Dgg I 11 5
width:

Width = Dyy-D 3)

Dc

S HT 9N EE (Hausner ratio, IH)7 (1 Da #ll De 54
MmAs, A=
Da
H= @)

& 1E 4 (angle of repose, AR) MK 25 & PEAY
() 07 208 IMNA MR A, 22 B 5t B R & I
PR HER, HAET & [ & A R A 9% T i 452 1 okt
W& H AR (), R IE R R R 52 120040
240°0 B I AR 1S (0, a5), ¥ 3 A BESRP I (E S
AR:

AR = (o, + a, + a3)/3 (5)

Wk ] 2% B % (inter-particle porosity, 1)1
Dafll Dcit & ififs, A= F:

Dc - Da
le = Dc x Da ©)
JE 45 % (compressibility index, CI)[*1  (j Da Al D¢
HEIMA, AR
Dc - Da
Cl=—5_ (7
T4 %% = (loss on drying, %HR)2%  E{ CMC-Na
1.0 g, 7£ 105 °CHAF T T4 6 h, M E IR I H & .
Wi (hygroscopicity, %H)PY B8 1) H ZE 3

A, TSI RT — RCE TR N (25 £ 1) °C AHX i
FE2H (80 + 2) Yl IEIREIRAR o, RS2 kg B & (m,); L
BEK oS &, P T BRFRE R, JEE— &N 1 mm,
R % FRE A (my); W FREM O, RS MERE T L
RERERAGT, 24058 LS, MEREEE
(M3)o %H tHH AKX~



-+ 1926 - 25254 Acta Pharmaceutica Sinica 2020, 55(8): 1923 -1931

%H = (ms=m;) 100% (8)
m, —m,)

MR RERFFOERT®R RS DERR
(IR BT, 22 24 F SR R 0 24 e Bl s 36 7 %, o
B THUAR A S B U E A 8% e o R — RUBE, B 1~10.
HARFEARITIE R 1.

PUKRE  BCE R A A, (61 9 mm P, £
JE R LB B R — g B D005 R R, BT AR R R
TRAFAE T & T, 24 h s € F i) i B RE (F, kg) A1
JF (B A2 d AR BE h, em), R T 200k 5 0ok o 5
(tensile strength, Ts):

2 o
= Thd ®)

L g %ot ik o 5 AR 1, 2 1) - ik o it
25, AR E LRI ARLR, T KAE . KRR 7R 1w i
P, KA K, B (1 AT s P i 22

NALFFFE  HOK MAE &, 2218 I N 44 2% 5 ) s
Ry, TR AR (Vo). HF B 18 3% ok I o L
WA b, M NIRB L, R R BN RS, e AR Bn
WG ARAL(V,), Wk 4k 2k & G 4R 3, i HB IR A
Vo, FERH R R BRI B, 8 SRR (V)

Fu B2 2 C= (Vo V)V, T HRE KR 3 5 1A AR sk 2>
& (C), BAn/C xf nfE R, x4 )1l 16 75 #% n/C=n/a+1/ab,
HRHE B LA R HEE, T a Wb, afUR & AR B>
FE, BUH BT n—oolit C Al afE /N, ¥ A 37 2 o
075 b AR 3 70 H 18 P 5 B, R AE B 4 1 78 SRR, 1/
/N, SR K, i e B A 2

AHHE WA AROE R, & 9 mm P, 78
JE R ML R — i 0 05 R, B AR 7
TRAFTE TR 24 h, B IR 2= s te e . Ml
R FE 3R R 7R (h, em) Bedie KR 1R B9 7R
£ (hy, cm), £l A BF 7 B2 in ~, b Py AR 3R i i
775 AR T FEAEE ; b AR 3 e A R O 4, SRAE R A 1)
FRAHRRME, DBROK, 70 R OK, Rk 7 M R

1
b=y (10

¥ HE 5 K SPSS B A4 (version 22.0, IBM &
) F R A 0T B A #3422 o6 43 #r, P<0.05
FRERARIFRE X, BHRIEE WAL REX £
TE#2 F L AR 4 AN B M L FE 1 AT R ME R MR RE S 5
HEAT ARG 23 AT

Ln[1/(1- (h,/))] :Piyp ‘A

FER5Tie
1 CMC-NayBisa EE TN

A% S0 5E FORRE S 1A e AR, B A
L Fabr iz R 15— A0 5 F 2k BUE H2 R B BUAS
LB+ — 3%, LU S B8 7 2 & E W R I
CMC-Na ¥ B 5 oL B, 45 S 0L 1. AR HE i
LUV U 1 9 8 T AR R K, 3R B RE O B IE A B R 4R N
Fril.

P D-1 L KR S R, T 2% ) B R R b
(AR E, AT L4350l SR A5 — 20 38 5 & 6 A KT 242
Al (JBMEEIME), 85 R WK 2, LB IS >5 I, B
TR R AR AR EE; B <5 B, AR
9w AR bR, T R B 5 X AR /N . D-1
RS St B 1 B 22 HERRPE AR e ik s ¥ — 1
AT P R4, 1 2845 5 AT DA W -l A 9 B Fi 4 e it
W R Sk . BLC.DE VYA S BE 5 9 3h P 35 2
(B 1.3K 3), R HAR L M A S gl Bl 3 K, 78 6
A 5 B 0 = T R DA s R B . CLDLE =
AT B SRR E IR 2, R A K B R IR T
B, BEAR T FE MR SRR . A-LFE R L T
AR K, AT R 2 (B TE51H=4.97). AR AR
AR S, ORLT 2 (A AF TR B LR TR, AT AR Rk R IR
)y, B S VR LT (R A 2 TR A7 R R FRLR 7, 3X AT
RERCI 7RI AT R PR, AT SRR S O HEAR VAR T
FoAth 5%, RIRA S B RS2 FE R T HoAth ) 5%, iX Al Rg
5 B.C.DEJ Z0 AR B 35 K S FORE P 50 1) FL B %
KA R,

Table 1 Limit values accepted for the physical quality indexes and standardized conversion method

Incidence factor Parameter Symbol Unit Limit value Factor applied to v Radius (r)
Dimensions Bulk density Da g-cm® 0-1 10v 0-10
Tapped density Dc g-cm? 0-1 10v 0-10
Uniformity Particles < 50 um %Pf % 50-0 10 - (v/5) 0-10
Size distribution range Span - 26-1 (50 - 10 v)/5 0-10
Size distribution width Width pm 1600-0 (1600 - v)/160 0-10
Flowability/powder flow Hausner ratio IH - 3-1 (30 - 10v)/2 0-10
Angle of repose AR ° 50-0 10 - (v/5) 0-10
Compressibility Inter-particle porosity le / 0-12 10 v/1.2 0-10
Compressibility index Cl % 0-50 05 0-10
Stability Loss on drying %HR % 10-0 10-v 0-10
Hygroscopicity %H % 100- 0 10 - (v/10) 0-10
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Figure 1 The physical fingerprint of carboxymethylcellulose sodium (CMC-Na). A-1, A-2: Samples from A manufacturer; B-1, B-4: Sam-

ples from B manufacturer; C-1, C-2: Samples from C manufacturer; D-1, D-2: Samples from D manufacturer; E-1, E-2, E-4, E-7: Samples

from E manufacturer

Table 2 Results of indexes contained in the D-1 batch of sample R4t VR 2 ) W B R S M AR AL HSLJE B L
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Table 3 Results of mean incidence values of the CMC-Na

Incidence factor A-1 A-2 B-1 B-4 C-1 C-2 D-1 D-2 E-1 E-2 E-4 E-7
Dimensions 6.98 6.89 6.24 6.23 6.24 5.72 4.87 5.38 6.48 6.51 6.50 5.83
Uniformity 6.30 6.37 6.58 6.31 5.79 5.57 6.58 6.55 6.64 5.12 6.56 6.53
Flowability/powder flow 5.73 5.37 4.63 4.62 4.23 3.64 3.35 3.49 4.20 4.39 4.22 3.78
Compressibility 4.97 5.52 6.42 6.70 7.30 7.89 9.16 8.43 6.23 6.33 6.23 7.55

Stability 5.73 5.84 5.65 5.39 4.48 4.40 4.23 4.13 3.73 3.81 3.66 3.77
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Table 4 Sample similarity analysis results of various manufacturers

A-1 A-2 B-1 B-4 C-1 C-2 D-1 D-2 E-1 E-2 E-4 E-7
A-1 1 0.999 0.982 0.982 0.975 0.956 0.914 0.934 0.973 0.95 0.965 0.955
A-2 0.999 1 0.985 0.986 0.983 0.967 0.927 0.944 0.976 0.95 0.974 0.963
B-1 0.982 0.985 1 0.999 0.983 0.974 0.966 0.978 0.99 0.973 0.953 0.985
B-4 0.982 0.986 0.999 1 0.989 0.982 0.97 0.982 0.991 0.977 0.962 0.0988
C-1 0.975 0.983 0.983 0.989 1 0.996 0.969 0.979 0.984 0.967 0.989 0.989
C-2 0.956 0.967 0.974 0.982 0.996 1 0.979 0.984 0.977 0.963 0.985 0.989
D-1 0.914 0.927 0.966 0.97 0.969 0.979 1 0.997 0.966 0.95 0.93 0.988
D-2 0.934 0.944 0.978 0.982 0.979 0.984 0.997 1 0.981 0.964 0.942 0.996
E-1 0.973 0.976 0.99 0.991 0.984 0.977 0.966 0.981 1 0.976 0.956 0.992
E-2 0.95 0.95 0.973 0.977 0.967 0.963 0.95 0.964 0.976 1 0.936 0.97
E-4 0.965 0.974 0.953 0.962 0.989 0.985 0.93 0.942 0.956 0.936 1 0.959
E-7 0.955 0.963 0.985 0.988 0.989 0.989 0.988 0.996 0.992 0.97 0.959 1
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Table 5 The correlation coefficient matrix of individual compo-
nent ("P<0.05)

Parameter AR Da Dc %HR %H Ds,
AR 1.000 -0.876" -0.674" 0.880" 0.614" 0.255
Da -0.876" 1.000 0.929" -0.914" -0.386" -0.535
Dc -0.674" 0.929" 1.000 -0.766" -0.089" -0.742"
%HR 0.880" -0.914" -0.766" 1.000  0.575" 0.327"
%H 0.614" -0.386" -0.089" 0.575" 1.000 -0.547"
Dy, 0.255" -0.535" -0.742" 0.327" -0.547" 1.000
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Figure 2 Principal component (PC) feature value of all materials (A); the individual component eigenvalues (B)
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