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Abstract: This study used functionality-related characteristics of disintegrants to clarify how different
superdisintegrants act in traditional Chinese medicine (TCM) tablets and how their effects are modified by TCM type
and drug loading. Three commonly used superdisintegrants and three TCMs representing disintegrating, dissolving/
eroding and swelling disintegration patterns were selected as models. The basic properties of the disintegrants,
including particle size, moisture, swelling ability and flowability, were systematically characterized and related to

tablet disintegration profiles obtained from dynamic disintegration tests. The results showed that the performance

WcAe E: 2025-10-16; & [71 H JH: 2026-01-19.
FEWH: ER ARE A S R IITE (82474089); il ili [ SRRl 3 54 NI H (23ZR1463500, 25ZR1401332).
*3# PHUE 4 Tel: 86-21-51323030, E-mail: alansusu@sina.com;
Tel: 86-21-51322766, E-mail: zhaolijie761029@126.com
DOI: 10.16438/j.0513-4870.2025-1229



- 2716 - 242224 Acta Pharmaceutica Sinica 2026, 61(7): 2715-2728

of croscarmellose sodium was mainly governed by powder flowability, whereas sodium starch glycolate was

controlled by a combination of sedimentation behaviour, particle size and moisture, and crospovidone depended

primarily on particle size characteristics and swelling capacity. In tablets containing disintegrating- or dissolving/

eroding-type TCMs, selecting grades according to these key properties clearly shortened disintegration time and

increased disintegration rate. In high-loading tablets containing swelling-type TCM, competition for water and

swelling space between the herbal powder and the disintegrant was observed and weakened the accelerating effect of

the disintegrant. These findings indicate that an evaluation framework centred on functionality-related characteristics

can link the structure and properties of superdisintegrants to disintegration behaviour in TCM tablets and provides

a practical basis for optimizing disintegrant type and grade, particularly in high-loading formulations.

Key words: traditional Chinese medicine tablet; disintegrant; functionality-related characteristics; disintegra-

tion kinetics; multivariate data analysis
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Table 1 Information on the 10 types of disintegrants
Trade name Sediment volume/mL-g” Batch number Manufacturer Code
CCS SOLUTAB" EDP 22 235018061 Roquette Al
CCS SOLUTAB" A 19 225008099 Roquette A2
CCS VIVASOL” 15.5 32010222055 JRS Pharma A3
CCS VIVASOL® GF 17 71123110776 JRS Pharma Ad, A4
SSG VIVASTAR" P 30 21110221027 JRS Pharma Bl
SSG EXPLOTAB" 24 41110441009 JRS Pharma B2, B2’
Polyplasdone XPVP XL - 0002603347 Ashland ClL, C1’
Polyplasdone XPVP XL-10 - 0002603926 Ashland C2,C2'
Polyplasdone XPVP XL - 050324022 SSP Pharma C3
Polyplasdone XPVP XL-10 - 060723008 SSP Pharma C4
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Table 2 Prescription design under different drug loading. TCM: Traditional Chinese medicine

Formulation code TCM/% Lactose/%

Microcrystalline cellulose/%

Disintegrant/% Magnesium stearate/%

1 5 60
2 50 30

30 5 0.5
15 5 0.5




- 2718 - 242224 Acta Pharmaceutica Sinica 2026, 61(7): 2715-2728

5 2% R AR BUsK SR EE, BRI RE S (F, N)LELAR
(D, mm) F1JEJE (H, mm) 7 7748 2 I 5 45 57 1T
M5E o
o =2F/ (xDH) 4)
AR R AT BRI SR A (A N RS A 24 i ) 2025
ol Y 50 388 ) 0921 j3 fif B R (disintegration time, DT) £
BV 2 R A A PR AT R A, DAK O AR
JiT, W29 37 £ 1 °C, 73 mlillsE 6 i i DT, i 5H 3514 .
YA B AN R, M€ & S
BRMRARIE R %A £ (contact angle, CA). CA g R
ALV PR R IR T 2 R 8 N 2.0 pL A0S ples.
0 SRR 5 ) 2 e P Ak 2 T I TR J PR A o By
FEA-PATIIE 3 9%, L3 UCFBE R A 7 71K CA.
BARERN S R SR 23 BT A B2 T8 ik T
W Fr AR A 20 772, 3@ i B 77—k ] i 28 10 5% i g ik
o fFHBCA 5 kg BN TG P/2 NARE HI T A 23 T4,
Jr 7R TRCE A R E BB R 0 R e B AR AR (FLAR 2 4 em,
L3 em AR BIE I, N A £ L& R /INER)
o BRE AL TR I b e 0 B, WK AR e, PR AT
PLO.1 mm-s™ R 28 5 By 77 SR T RIS, B 280 2150 fid
K77 (0.6 N), [ 78 #REF O B, 500 s P17 By B 1) 15 77
LA AR 10 mL 265 7K UL 5E 43R 3 7 77, JF A8 B Ja 1
JIE D> 3 Bl T 22 B B N A0 3N A ) AR
Ak, T SR AT 5 N0 56 2R I, DAL 7R v 7 ) A i
AR, A5 B 70 B 7 5 B RRE 2 8 500 s I
YIUH N J1 1 (the relative load value at 500 s, Fs). & [
JI1H (the stress value at the highest point, Fp)- 1A I B
[8] (the time at the highest point, Tp)~ i &= . H i #%
(the displacement at the highest point, Dp) &5 R i [A]
(the end time, Te). 45 %M. /1 {H (the residual force at the
end, Fe)\ M. 118 _ETHRL3 (the slope of the ascent stage,
kr) % J14E T BE R (the slope of the descent stage, kf)
H1HH 28 R T FY (the area under the curve, AUC), Hi i #4
I3 M ACER A IR 0 S TR AR

G FEFE LI R £ bR (x £ 5)
F RN, K H Microsoft Excel X 52 56 5 41 38 47 41 25 &b ¥
FC &, 5K H OriginPro 2024 # 1} 1& &, GraphPad
Prism 10.6 A FH T4t ik 73 ¥, SR H 58 &= 07 22 43 i
(one-way ANOVA), H-45 & Tukey F )5 £ & LA 50
BB AR LG F8E (asbc.d) FIE{E 2 7] 2 7 B
Bk m X (P <0.05), RAHESEEHZ R4 1
22RO (P =0.05).

R
BRI FRCs I RIESHX S

Xt 10 R 5 1 i 751 1) Dy~ Span MC . S i 51 £ 5t
BEATI 2, 45 BRI Fn. BUAKRE, AR LA
) 205 i A RIAE LR P34k 2 1 T b 2 S B AR
Z BB . MC /71, CCS %4k = T SSG M1 PVPP, H.
IFi] 24 B 3 % 8445 [0 22 3 35 BA Sk D 77 THI, SSG %
TS M B2, CCS H A2 B K, AR B S Mk, PVPP
B2 R . B4R 340 J7 1, CCS 5 SSG ) Span K
ML, M PVPP AL 5 ] 2 S oA R . K E S
CCS M1 SSG A =[] A2 A i 52 LK, PVPP &1 5 JU 45
NEEH . PRBN T T, CH s CCS BRI 8l 1 55 2%,
PVPP (& C2 4b) AT b, RS 5 SSG#zik .

BT 25 R W AR R 1) Th B MR A DS FR AR, AE AT

16 % MC. Dy~ Span. KL 7B 25+ SV obr AR i sh 15 1F
FRCs I EBEHR A S, FRULEE T CCS 5 SSG it
FEARFN . UTFRARFN (sediment volume, SV) & Uk 7F #f
BE T R DR AR R, T S I P RS I X 4% 1)
BUBRRRE . SACHAE 2 R EOE R 1 45 M A TR AR TR
AR S AZ TR FEARN, 3 A 751 5 K R 70 38 5 (E AL AR 5
JE T B A2 T P v U T R R o A Ik 5 B K S B
T I 10 Y 5 A 7 (0 SR B L Ak 2 R S R AR
w3 4T B /b - 5% K JH — 16 (min-max normalization)
ARFR SR bR 2R MEGETCE 10,17 X (8], I % 3D A7
(B 1), DAE AL TE G Hb 52 B0 HE A A7) 2 0 £ 22 7k

Table 3 Determination results of D, Span, MC, S, and the flow coefficient of the disintegrant. D,;: Median particle size; Span: Particle

size distribution; MC: Moisture content; S: Swelling degree

Sample D, /um Span MC/% S/mL g’ C
Al 40.15+0.18 2.54 £0.05 5.59+£0.11 1.30 £ 0.10 2.67x107°
A2 55.03 £4.43 1.93 +0.01 7.66+0.01 1.10 £ 0.00 9.34x10°
A3 4390+ 3.30 2.05+0.04 5.60 +0.08 9.13+0.12 3.56x107
A4 40.88 +1.82 1.90 £0.73 8.64 +0.07 8.93 £ 0.06 1.59x10*
Bl 43.51 £0.02 1.22 £0.01 3.45+0.08 21.43+0.26 9.91x10™
B2 4395+ 0.17 1.11 £0.00 5.10+0.33 17.96 £ 0.06 3.51x10*
Cl 120.83 + 3.60 2.95+0.04 7.33+0.11 6.50+0.17 3.68x107°
C2 24.44 + 0.88 4.37+£1.98 6.18 £0.04 5.10+0.01 2.93x107
C3 79.51 £4.96 6.06 £ 2.66 2.04+£0.13 5.08 £0.08 2.54x107
C4 24.83 +£0.03 1.70 £ 0.01 3.15+0.11 4.00+0.17 7.82x10
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Figure 1 Normalization data of physical and chemical properties
of different types of disintegrants. SV: Sediment volume; C: Flow

coefficient
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Table 4 FRCs of 3 types of disintegrants. FRCs: Functionality-

related characteristics; CCS: Croscarmellose sodium; SSG: Sodium

starch glycolate; PVPP: Crospovidone
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Figure 2 CA, DT, and disintegration kinetics parameters of Danshen and Jianghuang. A: Danshen; B: Jianghuang. n = 3, x + 5. CA: Con-

tact angle; DT: Disintegration time; Fis: The relative load value at 500 s; Fp: The stress value at the highest point; Dp: The displacement at

the highest point; 7p: The time at the highest point, 7e: The end time; kf: The slope of the descent stage; kr: The slope of the ascent stage;

AUC: Area under the curve
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Table 5 Classification comparison of the relationship between the properties and disintegration efficiency of traditional Chinese medicine

tablets

Comparison item Disintegrating type

Dissolving/eroding type

Swelling type

Intrinsic disintegration Loose internal structure and low tablet

[16]

behavior' mechanical strength; rapid disintegration

relies on the presence of disintegrants

"I High: Differences in disintegrant FRCs

Disintegrant sensitivity
can significantly affect disintegration
time

S[18:191

Interfering factor: Minimal interference; intrinsic tablet

effects are weak

[20,21]

Use as a model drug Suitable

Tablet components dissolve or erode
directly upon contact with liquid

Low: Disintegration behavior is
primarily governed by dissolution rate

Complex dissolution/erosion processes
hinder isolation of disintegrant effects

Not suitable

Constituent materials undergo
pronounced swelling upon hydration,
leading to easy disintegration

Low: Tablets can disintegrate even
without disintegrants, resulting in
minimal observable differences
Excessive swelling of herbal
materials masks the role of
disintegrants

Not suitable
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Figure 4 Correlation heatmap between physical and chemical properties and disintegration characteristics of 5% Danshen tablets with

drug loading. The intensity of the color corresponds to the magnitude of the Pearson correlation coefficient (). Red indicates a positive

correlation, while blue indicates a negative correlation. The numbers inside the squares represent the r values. Statistical significance is

denoted by asterisks (n = 3, x = 5. "P < 0.05). A: CCS formulations; B: SSG formulations; C: PVPP XL formulations; D: PVPP XL-10

formulations
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Table 6 List of disintegrants used in different traditional Chinese
medicine tablets. A1: CCS SOLUTAB® EDP; A2: CCS SOLUTAB®
A; A3: CCS VIVASOL®; A4, A4': CCS VIVASOL® GF; B1: SSG
VIVASTAR"” P; B2, B2": SSG EXPLOTAB"; C1, C1": Polyplas-
done XPVP XL (Ashland); C2, C2": Polyplasdone XPVP XL-10
(Ashland); C3: Polyplasdone XPVP XL (SSP Pharma); C4: Poly-
plasdone XPVP XL-10 (SSP Pharma)

TCM tablets type

Disintegrant type

Danshen Al,A2,A3, A4, A4, B1,B2,B2, Cl,Cl', C2,
C2',C3,C4

Jianghuang Al,A4,B1,B2,C3,C4

Chuanxinlian A4,Bl1,C4
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Figure 5 Load-time curves of traditional Chinese medicine tablets. A: Pure Danshen powder tablets; B: Danshen tablets with 5% drug
loading; C: Danshen tablets with 50% drug loading; D: Jianghuang tablets with 5% drug loading; E: Jianghuang tablets with 50% drug
loading; F: Chuanxinlian tablets with 5% drug loading; G: Chuanxinlian tablets with 50% drug loading
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Table 7 Disintegration kinetics parameters (Fs, Te, kf'and AUC) of three disintegrants in different TCM tablet formulations (drug loading

50%). n = 3, x £ 5. One-way ANOVA followed by Tukey’s multiple comparison test was performed within each disintegrant type; columns

with different lowercase letters within the same panel differ significantly (P < 0.05), whereas columns sharing at least one common letter do

not differ significantly

Disintegrant TCM Fs Te kf AUC

A4 Danshen 49.65 + 9.33" 1220.46 + 3.33" 0.04 +0.01° 23 082.12 + 4 408.04°
Jianghuang 68.18 £ 13.06" 840.30 +23.72° 0.20 + 0.05° 1075.41 +437.79°
Chuanxinlian 46.63 +4.15° 776.48 + 35.26° 0.17 +0.03° 19 005.87 + 6 822.43°

Bl Danshen 38.68 + 12.85° 646.32 + 9.84° 0.05 +0.02° 16 662.44 +2 142.39"
Jianghuang 45.29 + 3.35° 975.46 + 71.89" 0.10 + 0.03° 2085.35 + 904.69"
Chuanxinlian 24,93 £15.17" 900.40 + 24.74° 0.06 £ 0.04* 28 064.78 + 10 552.00°

C4 Danshen 4523 + 747 1336.12 +37.47° 0.05 +0.01° 17 613.11 + 6 127.93°
Jianghuang 71.45 £21.29° 730.96 + 42.56" 0.30 + 0.09" 1259.76 + 388.25"
Chuanxinlian 3622+ 12.11° 566.06 + 14.32° 0.59 + 0.28" 3816.33 + 1 564.01°
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Figure 6 Characteristic parameters of Danshen tablets obtained by the stress relaxation method. A: Parameter values at 5% drug loading

(black bars); B: Parameter values at 50% drug loading (white bars). n =3, x + s
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Figure 7 Characteristic parameters of Jianghuang and Chuanxinlian tablets obtained by the stress relaxation method. A: Parameter values

at 5% drug loading; B: Parameter values at 50% drug loading. n =3, x + s
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A
FRCs-driven disintegration at low drug loading (5%)
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Low drug loading: disintegrant FRCs dominate tablet packing, water

uptake, and swelling, thereby shaping disintegration kinetics

B

Swelling competition between TCM and disintegrant
at high drug loading (50%)
High drug loading (50%): Drug type reshapes disi ion kinetics

Danshen Jianghuang Chuanxinlian
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At 50% loading, disintegration behavior is governed by “swelling
competition” between TCM and disintegrant,rather thanFRCs alone

Figure 8 Mechanistic scheme linking disintegrant FRCs, TCM types, and tablet disintegration behavior across drug loadings. A: FRCs-

driven disintegration at low drug loading (5%); B: Swelling competition between TCM and disintegrant at high drug loading (50%)
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