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Abstract: In this paper, the low-field nuclear magnetic resonance technology CPMG (Carr-Purcell-Meiboom-
Gill) echo method was used to determine the cross-linking degree and cross-linking density of crospovidone
(PVPP) from different manufacturers. Based on the seven physical properties of PVPP, a fingerprint spectrum
(radar chart) of twenty secondary quality indicators were obtained, and three compressibility evaluation indicators,
index of the parameter (IP), index of parametric profile (IPP), index of good compression (IGC) were calculated by
the fingerprint spectrum. It was found that the cross-linking degree and compressibility index IP of PVPP showed a
strong correlation ( = 0.816) by the correlation analysis, indicating that the cross-linking degree is one of the key
quality attributes for evaluating the compressibility of PVPP.
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Figure 1 Schematic diagram of crospovidone (PVPP) structure

and mesh connection structure. a: Cross-linked chain; b: Hanging

chain; c: Free chain

e 73 B 1) A8 BRRE Rl o A2 1Bk T AT B FE AT
FAE . FERRIR Tolb A, A8 B B2 38 i e 45 1) o0 A
LI S e 5 A 20, R e s 2 b
SCIREE, 8 S REE & A SR A B B B R R 2
TG %85 55 30 5 55 P A A 08 S8 TRk A TR B R B3 A 1 &
(number average weight between crosslinks, M,) H %,
H MBS, ST B OR, 37N FRLAL AR RRU ) 28 T B
Z, AR RN, R TR AWM )RR
AR E 1 VI B 4 T Y TR e PUIR AR 1t . AR )
B T IR, 1552 0T A8 B it [B) 4 B, H0H 71
I BV B2 s, (S A R P BN R S B A B, (R
IS iy 7R AR o FEARRE lb S8 R B A A B
JE AR IR A5 K () B SR AR F R AR 2 —, WE T ER IR %,
M AE B2 2 Tk iR 22 15 40 -1 SR A W 28 B 3 72
(B2 7R 2, JF HACHRIE (BRAC IR ) W4 Rk
RESZ 0 R RIE FEHRE AR 2D

HL b, WE TR AR (B FE)
W7 IEA IR 2 Fh, a0k 235 7 DA R0~ i s i 2
AR R SR RE A, 5 B R R A
735 DR o v 28 Tk 5 PR R 2 R 22 K P I
0 E S AR R SRR (NMR) BRI 58 2§
B AR IE (AT TR ) A T O RE L TC L A
JE vy, AERRR Tl rh il i MR R A B P (BRAC IR E) ©
FHIRSZ MR,

A SRR I A2 T R R B AR W e 2 Tk R A B
£ 1 7 3 T T 2 P B 2 Bk 5 A I 1) 0 s e
SLHE T AR R AR 7 W3R PR 20 N i = PR R
o 1R ) 3 48 2 A v BT R R VR e A B S8
$8 44 (index of parameter, IP). 2 # 4 J5 5 1 (index of
parametric profile, IPP) /% [ 4f 7] J& 145 %4 (index of good
compression, IGC). B AHIME 7 #T & I, Carr-Purcell-
Meiboom-Gill (CPMG) [R1 75l 7 1 42 Bk 2% 4 il 1) A2
I 5 0] i P AN 48 B0 IP 2 0] B 2 35 AR o

MR57EE

MHRIS5LEE  VTIMR20-010V-1 1K 37 #% i L 4R %
B BT A (TR M ALIL 73 B AR B A A IR 2 ) ); K A 2
BRF RN (FHAR B R A R A =], BT-1000); ¥
TERLEEAL (PR B RS A TR A |, BT-902); 4 H 3l Eb
F AR A AL SORE S R A B ARG PR A ],
BK200C-01); i i FE Wl 5 & (AL 5 18 2% 512 56 3 3 A 4%
J7); ACHRERYERA (] K A, #t5: F205C180301; | X B,
fit5: 181008; | X C, #it5: 20172017; ] % D, #it5:
050218008; | X E, it 5 : 0002246331; | K F, fit 5:
05100282587; | K G, it 5: 01776829U0).

SLIRTRIE T ACHR R AR b 3 A B
M EELE R R A B EE R R A H et (B 1) FHEF
B R 48 DR R 5S, B R IE] () BT & AN
BE (0 B B RE RIS, DR E i X B A% B st e ), I
J8 3T Bi-exponential £ Y 5 (1) 7] BAAS H 32 6 FNAZ Bk
HERMEE.

Bi-exponential 1 714

M
ﬁt:Ao'exp(_t/tu)+Bo'exp(_t/t23)+ o (1)
0

Hop %ﬁﬂa%&;ﬁ*ﬁrﬂ%ﬁ%ﬁﬂa‘rﬂ M, M,

R 1) 5t T4 B K AEL, MR ) 5t BRAE ¢ B[R] B R A
17 5t PR AR, A, F1 B, 73 il 37 28 R I A% W L 4R A5 5 N
e BRBE LSS IR G 5, C, LR L. N
PN 0 38 TR A R S B A5 5 (R 1 At PR N ] . B2 K
i 2) AR

TERRE = A,/ (A, + By) 2)

T4, BB A% R % ek R i A4 B T 1
250 (3):

+ B-expy—— ~
tz 2

!
M (t)= A-exp%— L S aM, 7

!
Equltz} + C-exp{— tt } 3)
2,sol

Hor: g N T BB AR (T) K ks
WA ks 0 R T ) B R TR 7, B A% 1) R ) 2 4
M, T AR T B A AR FE (T,) HOURE N NI A%

BB
AT W
1 2
Cy=— . 4)
Pl €XT2 M,
ax T} “ on

o CONAEHRE T, p WRE S, Ty L% 5
WS BRZHL (us), S ERSZIRSH N B H, a



- 476 - 22224 Acta Pharmaceutica Sinica 2022, 57(2): 474 —479

NG BE B e R T4 R, € TR R S S
BIZZN S, T MW BRAE (us), M, ¥ 355 F i
& (gmol™), n N E S TN M FHERES

1

—=2(f'T,) (5)
T2
fi= Ay (Bi-exponential 57 (6)
A, + B,
i 4
f - AO + BO + CO
(Weibull and bi-exponential #57!) (7

RITEEE, 255 SO DL R A B A
X @)~ (7) fitk, IFAM Eow, 1R (8):

M, = 3cM,,

Snﬁ

Hor: ¢ =7.2, y Kuhn 5 BN 1) EREREE M2
BTN B R 5T, B grmol!, n N E BT
W BB, ¢ & T SR RN (T) Mk
RS R SR B AR R R B R R, s = (3) A
(CER

W T4 1) ot 74 il 28 F1) B Bi-exponential £5 7 2y
X 3) WA T LMF B I LR T g, ¥ g RN
15l v ) BT I - A e o - M TR T I E DS I A
M.

MRS S CPMG ¥ 41 5 44 R 1)
{8 (SF) = 21 MHz, 4 #54 % 1) fis % & (O1) =
574 830.34 Hz, i ik #F 90 5 Bk 58 (P1) = 3 ps, Tl ik o
180 ik 55 (P2) = 6.24 ps, SW (CRFEH %) = 200 kHz, &
A2 K BE 8] B B 18] (TW) = 1 000 ms, S FERT 7] (RFD) =

®)

Table 1

0.08 ms, B 25 (RG1) = 20 db, 7125 (DRG1) =
3, B B HCKHE 25 (PRG) = 3, B1RFE RS (NS) = 32,
TE (Bl 1)) = 0.1 ms, [A]34~%0 (NECH) = 1 000,

YIIRE S ENERYESL RS PVPP A B 1 it A L)
BER M, MR K M SRS CHEAR M AT Rtk 2 — 1k 78
VRN AS TE P 7 AN 07 T 255 VRO AR D i A R AR
RE. 43 A R I 20 AN o B AR AR HEAT R AE: BEIK & (S).
B RKKE (V) BKIEZE (V)R IE A (AR) A %
(Da) #R 5% B (Do) R/RFBEL (Io) Z Wi gh bb (IH)
R[] 25 B (Te)~ ELR AL (BET)-Fi1% D10 K45 D50
Fi4%2 DO AR 445 D[4,3]- T P #9458 D[3,2] BL &
I3 A0 8 L (span) )AL J7 FE 8 B a 1AL T7 R 5 £ 176
A TR B T 18 S B HR (%) KR IARLSE A4
PRI R A, e IR [ 245 80 2020 4 i DU 58 38 I 0993
I 5 HE 2 PR S 3 5, 44 BB USP43 38 U 1174 9 & 1k
b A, I TR R R i 2T B g LA R R[] A
B2, 4% SO 7 vETE B A6 07 F2 3 B a A1 1/ A R,
O\ B 7 R HK™, SR A B Bl bR i AR LA BT A,
o 8 o [ 245 80092020 4 i DY 38 1 0991 1l 7€ bE 2% T
1 (BET), %145 D10.D50.D90, AR 1442, A%
FRURE B2 43 A1 8 B2 5 2 HE e [ 245 31002020 4 i DY 356 368 )
2101 W5 B 2 3R SR 77 1200 5 f R MR K B AL
K SRR 2 1.0 g, R FRIE, 1£ 105 °CHAMHE T
T3 h, TR, B TR E HR (%),

R 35 25 T5 46 b 100 1 J5R 45 20 A 5 2 3 b 1) SI2 Bk
SEAB TSR 1 EAT bR A e 6, £ P A7 00 S B T8 7E 0~
10 A, FFZe )5 I8 Bl D& 8 A b 1A 9 1 35 8 2 1l
Ik B AE S RE

Physical quality attributes, evaluation indexes and standardized conversion. “Measured value directly obtained from experiments

Physical property Evaluation index

Physical quantity/unit

- 7 -
Numerical range (x") Conversion formula

Water absorption Expansion rate

Maximum water absorption
Water absorption rate
Fluidity Angle of repose

Carr index

Hausner ratio

Kawakita equation constant a
Bulk density

Tapped density

Accumulation
Compressibility Inter-particle porosity
Specific surface area
Particle size D10

Particle size D50

Particle size D90

Volume average diameter

Uniformity

Area average diameter

Size distribution width
Kawakita equation constant 1/b
Kuno equation constant k&

Loss on drying

Filling

Stability

S/mL-g" 1-10 x

V/mL 1-10 X

v/imL-s™ 0-0.25 40x

AR/° 60 -0 10 - x/6

Ic 60 -0 10 - x/6

H 3-1 (30 - 10x)/2
a 0-1 10x
Da/g-cm™ 0-1 10x
Dc/g-cm™ 0-1 10x

Ie 0-5 2x
BET/m’-g" 0-6 5x/3
D10/um 100 -0 10 - x/10
D50/um 200 -0 10 - x/20
D90/um 300 -0 10 - x/30
D[4,3)/um 200 -0 10 - x/20
D[3.,2)/um 100 -0 10 - x/10
Span/um 3-1 (30 - 10x)/2
1/b 70 -0 10 - x/7

k 0-0.1 100x

HR/% 15-0 10 - 2x/3
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Figure 2 Nuclear magnetic attenuation diagram of crospovidone

from different manufacturers
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Table 2 Cross-linking degree and cross-linking density of crospovidone from different manufacturers

A (crosslinking

B (suspension chain

Crosslinking density/

Sample Crosslinking degree proportion/%) weight/%) < 10% mol-mL" M /10" kg mol”
P-1-2 14.58 14.58 85.42 2.094 4776
P-3-4 16.86 16.86 83.14 4.056 2 465
P-4-4 23.56 23.56 76.44 5.731 1745
P-5-4 22.51 22.51 77.49 5.484 1823
P-6-2 13.76 13.76 86.24 3.719 2 689
P-8-5 10.87 10.87 89.13 1.983 5043
P-9-7 17.41 17.41 82.59 5.499 1819




- 478 - 22224 Acta Pharmaceutica Sinica 2022, 57(2): 474 —479

Figure 3 Physical fingerprints of crospovidone from different manufacturers and their control physical fingerprint
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Table 3  Compressibility evaluation indexes of crospovidone
form different manufacturers. IP: Index of parameter; IPP: Index

of parametric profile; IGC: Index of good compression

Sample IP IPP IGC
P-1-2 0.40 5.44 5.35
P-3-4 0.55 4.93 4.85
P-4-4 0.50 5.23 5.15
P-5-4 0.55 5.14 5.06
P-6-2 0.35 4.61 4.53
P-8-5 0.25 4.28 4.21
P-9-7 0.50 4.89 4.81

3 RBRE/RZBREESAEMEMEXMES T

T PVPP HYAZ IR L (BRAS IR JE) K /N2 5
7151 RE, BRI, K A B BE 1R B 5 PVPP (1 7] R 14
fabr AT 7 ER, JEAI A A (10) THE T A G R HL
SER R, AZHE S 0] R SR AR A S R
0.816, 2L FH MM KK R, Kk, v LLHER, PVPP
SEREE R L9 (RO ZCIE ) 2 520 PVPP A Fi 4 (1) 25 22

g

ARSI IR A 2 R SRL 7 1 S5 IS IR 3R
AESE B 1 — Mo T3 3%, (R A B T A2 Bk TR 4 i (1 52
R JSE AN HLoB 4 B AT M B2 N 3 O SRk, L T AR
SRAE I v 0 3 ADRE B IROUL 254 15 2 LA BE T) A B8R 2R
{ELX A2 B B AN S B B SR A B i 5, SR AR I A Tk
FEARBARN 5E 1) A2 IR JEE AN AZ K o S S A RHEL, AL 2
{0t SR A A TTVEAS B3R & WA B )RR B 77 mT AT
DTE AR B . BeAh, R F B4R SR 8 (K 07 VR 456 o1
G AT s k2 L B — SR AR VT A b A T T 1 BE D )
(B, AT RS bR 5 AC R KA SR PR IE ] 13X — R
SR AR VAN SR SR AR ] IR R R R R R 2 —

1 & DTik: £ ERANEAIN #5T 500 L SOk R A S R
B3R f St 2 466 L M B A R A A P ORI IR KA
DU RAE R, $1 57 9286 BT AN LA R SR AB L

FUFERSR: P AEH 75 A SCREAEAT TR 28 0P R

References

(1]

(2]

(3]

(7]

[10]

[11]

[12]

Gu YD. Chemistry Dictionary (f£ %% 1] #t) [M]. Shanghai: Shang-
hai Cishu Press, 1989: 337.

Gao PF, Chu LL, Yang Y, et al. Comparison of three NMR
methods for measuring crosslink density of rubbers [J]. Chin J
Magn Reson (#1744 &), 2017, 34: 409-419.

Zhang H, Xu W, Zhang XL. Long-term aging and storage lifetime
of specific damping silicone rubber in hot air environment [J].
Polym Mater Sci Eng (7 F# kLR 5 TH2), 2019, 35: 74-77.
Yuan ZK, Li LL, Chen T, et al. Change in structure and property
of NR during aging and its storage life prediction [J]. China
Rubber Ind (# & T)1), 2019, 66: 495-498.

Wen JR, Li FR, Yang HB, et al. Finite element simulation and
experimental study of vulcanization process for cylindrical
rubber specimens [J]. China Plast (4 [F ¥7£}), 2020, 34: 41-47.
Pang S, Xu JX, Chen JH, et al. Effect of curing time on
distribution of crosslinking density in NR/BR blends and wear
resistance of rubber compounds [J]. China Elastom (#f E 14),
2019, 29: 11-16.

Bolhuis GK, Vankamp HV, Proost JH, et al. The role of water-
uptake on tablet disintegration [J]. Pharm Weekblad Sci Ed,
1986, 8: 102.

Chen SJ, Zhu JB, Qi XL. Evaluation of micromeritic properties
of excipients for direct compression [J]. Chin J Pharm (7 [E £ 24
T2 ), 2013, 44: 1010-1013.

Zhang JZ, Zhang XM, Ding JX, et al. Effects of the critical quality
attribute (CQA) of hypromellose on the release of diclofenac
sodium sustained-release tablets in vitro [J]. Chin Pharm J (1
%2k k), 2019, 54: 382-389.

Rao XY, Liu Wei, Zeng WX, et al. Performance comparison of
different cross-linked povidone [J]. Chin J Exp Tradit Med Form
(P E I T R4, 2012, 18: 18-21.

Liang Y, Liu T, Jiang TY, et al. Establishment of physical finger-
print of Shengmai Injection and its quality evaluation [J]. Chin
Tradit Herb Drugs ("' #.24), 2018, 49: 2571-2576.

Johnny EA, Encarna G, José¢ MS, et al. Predicting orally disinte-
grating tablets formulations of ibuprophen tablets: an application
of the new SeDeM-ODT expert system [J]. Eur J Pharm Bio-
pharm, 2012, 80: 638-648.



