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Characterization and principal component analysis of functionality-
related characteristics of hydroxypropyl methylcellulose type 2208
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Abstract: Under the guidance of Chinese Pharmacopoeia (2020 edition), the functionality-related characteristics
of hydroxypropyl methylcellulose (HPMC) type 2208 from imported A manufacturer, domestic S manufacturer,
domestic T manufacturer and different batches of the same manufacturer were characterized. The principal component
analysis was used to comprehensively evaluate the functionality-related characteristics. The results were as follows:
hydroxypropyl methylcellulose had no significant difference in viscosity and molecular weight distribution between
different manufacturers, and there were significant differences in the cumulative particle size distribution of the
sample reaches 50% (ds,) and 90% (d,), bulk density, tap density and Carr's index. The HPMC from A manufacturer
have the biggest inter-batch difference of particle size and their inter-batch difference of polydispersion coefficientis
smaller than S manufacturer. Domestic manufactures have the largest inter-batch difference in other functionality-
related characteristics. The three principal components were extracted by principal component analysis, and the
variance contribution rate reached 89.44%, indicating that the extracted principal components can explain all the
data well. By constructing a comprehensive evaluation model, the comprehensive score ranking of all HPMC
samples is obtained: S manufacturer > A manufacturer > T manufacturer.
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Table 1  Different manufacturers hydroxypropyl methylcellulose
(HPMC) particle size data sheet (n = 3, x £ s). A: The imported A
manufacturer; S: The domestic S manufacturer; T: The domestic T

manufacturer; d,,, dg,, dgo: The cumulative particle size distribution
of the sample reaches 10%, 50%, 90%, respectively

Sample dyo/um dg/um dgo/um Span
A, 27.87+0.13 8154+0.44 197.54+339 2.08+0.04
A, 27.96+0.32 80.05+0.95 187.96+1.92 2.00+0.01
A, 2414011 73.09+056 171.75+1.24 2.04+0.03
S, 33.93+0.77 9351+3.18 180.14+4.38 1.56+0.04
S, 3293+0.29 95.89+0.94 180.84+232 1.54+0.02
S, 3333+£0.36 92.71+0.33 180.49+0.40 1.55%0.01
T, 29.92+0.18 101.20+1.42 210.21+359 1.78+0.02
T, 30.05+0.40 101.4+1.66 212.18+0.54 1.80+0.04
T, 3044 +0.44 102.7+0.91 21242+1.11 1.79+0.03
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Table 2
(n =3, x5). p,: Bulk density; p,, Tap density

The parameters of flowability for different samples

Sample p/g-mL*? pudg-mL* Carr's index/%
A, 0.27 £0.01 0.45+0.01 40.00 £ 0.01
A, 0.26 £ 0.01 0.45+0.01 42.22 £0.02
A, 0.28 £0.01 0.46 £ 0.02 39.13 +£0.02
S, 0.37 £0.02 0.55+0.01 32.12+0.02
S, 0.38 £0.02 0.55 +0.02 32.73+0.01
S, 0.38 £0.00 0.53+0.01 28.30 £ 0.01
T, 0.34+0.01 0.50 +0.01 32.00+0.01
T, 0.32+0.01 0.52 £0.02 38.45+0.02
T, 0.30 +0.00 0.45+0.01 33.33+0.01
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Table 3 The viscosity of HPMC for different samples (n =3, X £5)

Sample Viscosity/mPa-s
A, 3732 +6.69
3793+6.73
3790+6.13
3810+6.63
4115 +0.00
3862 +18.86
3923+7.25
3990 +8.52
3792 +6.60
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Figure 1 The calibration curve of gel permeation chromatography
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Table 4 The molecular weight distribution table of HPMC (n = 3,
X £ ). M,: Number average molecular weight; M,,: Weight average
molecular weight; D: Polydispersion coefficient

Sample M,/g-mol* M, /g-mol* D
A, 79 034 £ 2 641 361978 £ 4531 4.58 +0.02
A, 70855+ 1 385 403 873 + 3698 5.70 £ 0.03
A, 78 068 £ 1 149 393 444 + 4 456 5.04 £ 0.02
S, 69 021 + 1 387 385137 £ 3 246 5.58 +0.01
S, 82 152 + 2 469 399 261 + 2 246 4.86 +0.02
S, 65482 £1 932 354547 £5 675 5.41+0.02
T, 79 310 £ 2037 394 965 + 3 216 498 +0.01
T, 62 097 +£1 763 376 311 +4 015 6.06 +0.01
T 59596 +1 132 404 656 + 2 146 6.79+0.01

oo

Table5 Hydroxypropyl content and methoxide content of different
HPMC samples (n = 3, X + 5)

Sample Hydroxypropyl Methoxide

content/% content/%
A, 7.68 £0.14 21.55 +0.26
A, 7.29+£0.16 21.21+0.14
A, 6.85+0.14 21.75+0.34
S, 5.30 +£0.10 2112+ 0.22
S, 6.33+0.21 21.18+0.32
S, 6.56 £ 0.11 21.07+£0.19
T, 5.45+0.13 20.06 +0.23
T, 4.92+0.17 20.27 £0.28
T 5.80 + 0.09 20.35 + 0.16

oo
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Table 6 The individual component eigenvalues

Initial eigenvalue

Component Total Variance/% Cumulative/%
1 4.138 45.972 45.972
2 2.747 30.526 76.498
3 1.165 12.946 89.444
4 0.634 7.043 96.487
5 0.226 2.512 98.998
6 0.068 0.761 99.760
7 0.020 0.227 99.986
8 0.001 0.014 100.000
9 1.783E-16 1.981E-15 100.000

Table 7 Rotate component matrix. X;: dsg; X,: dgo; Xs: ppr Xt Py
Xs: Carr's index; X,: Hydroxypropyl content; X,: Methoxide con-
tent; Xg: Viscosity; Xg: D

L Component
Original index 1 2 3
X, 0.575 0.753 0.123
X, -0.233 0.917 0.040
X, -0.875 0.008 -0.289
X, 0.972 -0.013 0.217
Xs 0.912 0.025 0.122
Xs -0.702 -0.627 0.192
X, -0.074 -0.931 0.083
Xq 0.099 0.162 0.895
X -0.404 0.363 -0.785

S

Table 8 Factor score and rankings of different HPMC samples.
F,: The first principal component factor score, F,: The secondary
principal component factor score; F;: The third principal compo-
nent factor score; F: Synthesis score

Sample F, F, Fy F Ranking
A, -1.31989 -0.6189 043145 -0.2559 5
A, -1.21425 -0.4173 0.02430 -0.35017 7
A, -0.8256  -0.98443 0.00332 -0.016 17 4
S, 141689 -0.47997 -1.96899 0.362 772 3
S, 0.88592 -0.53899 150789 0.797 449 2
S, 1.11204 -0.85405 0.70895 0.840 735 1
T, 0.18952 1.36603 0.52652 -0.257 56 6
T, -0.39801 153598 0.018 09 -0.49598 9
T, -0.22304 0.89905 -0.34546 -0.46504 8
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