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Optimization of formulation of Vernonia anthelmintica cream by D-optimal
mixture design based on AHP-CRITIC analysis
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Abstract: Objective To screen and optimize the matrix prescription of Vernonia anthelmintica cream. Method Heating white
vaseline, liquid paraffin, and glycerol monostearate (GMS) in a 75 °C water bath until they are melted and mixed evenly as an oil
phase. The effective fraction of V. anthelmintica (VAEP) was first moistened with polyoxyethylene 40 hydrogenated castor oil
(RH40), and then added with water and diethylene glycol monoethyl ether (Transcutanol P) as the aqueous phase. The aqueous
phase was heated in a water bath at 75 °C, and then added in a thin stream to the oil phase, stirring while adding. After being taken
out of the water bath, continue stirring until it was semi solid to obtain the cream. The weight coefficients of each evaluation index
were determined using the Analytic Hierarchy Process (AHP)-Index Weight Determination Method Based on Index Correlation
(CRITIC) hybrid weighting method, using the appearance characteristics, spreadability, centrifugal stability, and cold and heat
resistance stability as evaluation indicators. The formulation of V. anthelmintica cream was optimized using the D-optimal mixture
design. Prepare creams with different drug loads (1%, 2%, 4%, 8%, and 16%) according to the optimal prescription, and conduct
comprehensive scoring. The cream with drug loading of 1%, 2%, and 4% was prepared and placed for 30 d at 4 °C. The content change

rate of vernonin and 3, 5-dicaffeoylquinic acid in the cream was preliminarily investigated by HPLC. Results According to AHP-
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CRITIC mixed weighting method, the weight coefficients of appearance characteristics, spreadability, heat and cold resistance stability,

and centrifugal stability were 13.18%, 16.01%, 38.93%, and 31.89%, respectively. Combined with D-optimal mixture design, the optimal
formulation of V. anthelmintica cream was determined to be liquid paraffin 10%, vaseline 45.48%, GMS 7.83%, RH40 10.31%, Transitol P

6.65%, and water 19.73%. The maximum drug loading of V. anthelmintica cream was 4%. The change rate of the content of vernonia

macrocephalin and 3, 5-dicaffeoylquinic acid in the cream was less than 4.3% within 30 d. Conclusion The preferred V. Anthelmintica

cream was uniform, translucent, delicate and soft,and easy to spread, with good stability, and the preparation process was stable and feasible.

Key words: Vernonia anthelmintica cream; D-optimal mixture design; AHP-CRITIC; formulation optimization; stability; vernonin;
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Table 1 Comprehensive scoring criteria for cream prescription screening
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Table 2 D-optimal mixture test analysis on optimization of formulation (n=3)

gn  GMS H MLk Wik4  RH40 Transcutol P
5 (A)g WBg (/g (D)g PE)/g K VIDIRERIN AEREME IEM AR EE B FRE
1 1.00 51.80 10.00 9.40 7.80 20.00 5.740.6 5.7+0.6 7.3+0.6 3.0£0.0
2 599 3840 30.00  15.00 1.00 9.61 5.740.6 8.7+0.6 7.7+0.6 8.7+0.6
3 846 57.67 10.00 7.40 1.00 15.48 10.0+0.0 8.7+0.6 8.7+0.6 9.3+0.6
4 662 31.12 27.90  15.00 7.86 11.49 7.740.6 9.3+0.6 1.3+0.6 9.0+0.0
5 10.00  30.00 30.00  15.00 10.00 5.00 7.3+0.6 9.3+0.6 1.7+0.6 8.7+0.6
6 1.00 3594 2370 15.00 8.21 16.15 3.7£0.6 9.0+0.0 1.3+0.6 2.340.6
7 3.85  60.00 10.90  15.00 3.96 6.29 9.3+0.6 8.7+0.6 7.7£0.6 8.0+0.0
8§ 1.00 51.80 10.00 9.40 7.80 20.00 5.7+0.6 6.3+£0.6 5.3+0.6 2.340.6
9 380 3695 27.96 8.17 9.58 13.54 7.3+0.6 9.3+0.6 1.3+0.6 7.3+0.6
10 1.00 4514 24.70 9.90 1.00 18.27 5.740.6 9.3+0.6 2.740.6 1.3+0.6
11 1.00 4638 30.00  10.97 6.65 5.00 3.340.6 8.7+0.6 2.3+0.6 1.0£0.0
12 7.64 47.99 27.35 5.00 1.00 11.03 7.340.6 9.0+0.0 43+0.6 9.3+0.6
13 1.00  60.00 17.28 5.00 5.79 10.94 3.740.6 9.3+0.6 1.3+0.6 1.3+0.6
14 10.00 35.72 30.00 5.00 1.00 18.28 9.7+0.6 8.7+0.6 8.7+0.6 9.3+£0.6
15 10.00  44.71 19.51 1132 4.57 9.88 5.7+0.6 6.3+£0.6 1.3£0.6 9.0+0.0
16 553 4530 18.73 5.00 5.45 20.00 7.0£1.0 8.7+0.6 6.7+0.6 8.7+0.6
17 10.00  60.00 10.00 5.00 10.00 5.00 5.7+0.6 5.3+0.6 8.3+0.6 6.7+£0.6
18 9.19 3290 21.89  15.00 1.02 20.00 9.0+0.0 7.7£0.6 7.3+0.6 9.3+0.6
19 599  30.00 30.00  10.78 6.05 17.18 9.740.6 9.3+0.6 8.7+0.6 9.3+0.6
20 6.14  56.66 22.20 8.37 1.63 5.00 9.0+1.0 9.3+0.6 9.0+0.0 8.3+0.6
21 3.85  60.00 10.90  15.00 3.96 6.29 5.740.6 6.0+0.0 9.3+0.6 7.0£1.0
22 10.00 3038 23.44 6.19 10.00 20.00 7.740.6 7.3£0.6 7.7£0.6 8.3+0.6
23 553 4530 18.73 5.00 5.45 20.00 7.7+0.6 8.7+0.6 8.0£1.0 9.3+0.6
24 10.00  30.38 23.44 6.19 10.00 20.00 7.7+0.6 6.7+0.6 6.0£1.0 8.3+0.6
25 10.00  52.35 10.00  10.22 7.09 10.34 7.3+0.6 8.7+0.6 7.3+0.6 9.3+0.6
26 928  40.72 10.00  15.00 9.11 15.90 5.740.6 6.0£1.0 9.3+0.6 7.3+0.6
27 124 5325 24.69 5.00 10.00 5.82 3.740.6 9.3+0.6 5.7+£0.6 2.3+0.6
28 4.66  48.11 1736 1031 10.00 9.55 5.740.6 9.0+1.0 3.3+£0.6 3.7£0.6
29 1.00 45.14 24.70 9.90 1.00 18.27 2.0£0.0 9.0£1.0 1.3+0.6 1.3+0.6
30 1.00  34.00 30.00 5.00 10.00 20.00 3.3+0.6 8.7+0.6 1.7£0.6 1.3+0.6
31 8.08 4022 30.00 5.00 8.85 7.85 5.7+0.6 9.3+0.6 9.3+0.6 8.3+0.6
F*3 BRI LR B AW A 5B P x4 HEXIBIREIEN CRITICHE
Table 3 Priority matrix for comparison on index pairs Table4 Relativeindex data of cream calculated by CRITIC
AR EIEM fif FEf Fde BOfR fa bz fabr A St fabrrh Rt FEE AE%
AN SE T SE T AEIPER 0.262 1.610 0421 14.26
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iy JEm At 2 4 1 1 [y YA 2 0.410 1.657 0.680  23.01
AORE 2 4 ! ! 0.372 CF+0.067 DE—0.189 DF—0.015 EF.
D—18.027 E+17.349 F+1.202 AB+1.133 AC+ DL 25 340 Wi AR B v o B kR, S A 4b T R

1.066 AD+1.417 AE+1.127 AF—0.145 BC—0.073  GMS 7.83%. [ M. ¥k 45.48% . i 14 £ % 10.00%.
BD+0.195 BE—0.237 BF—0.229 CD+0.095 CE—  RH40 10.31%- Transcutol P 6.65%- /K 19.73%, £ &
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Table 5 Synthetical scores of three weighting methods

4
CRITIC | &

AHP CRITIC AHP CRITIC

CRITIC

an £

53.328 55.912
79.992 82.922
92.213 91.435
61.105 66.111
62.216 67.494
28.886 44.300
83.325 84.899
43.329 47.993
52.217 60.083
36.663 50.469
26.664 43.382
68.882 73.112
25.553 41.999
92213 91.435
53.328 52.864
78.881 81.539

54.332 |17 68.882 64.46
82.162 |18 82.214 80.926
91.327 ||19 92.213 91.435
57.547 |20 86.658 87.708
60.122 |21 73.326 70.734
29.952 |22 78.881 76.543
82.927 |23 87.769 88.583
43.357 |24 72.215 70.925
49.851 |25 78.881 81.539
37.185 ||26 73.326 70.734
29.338 ||27 45.551 58.345
67.908 |28 46.662 57.372
26.763 |29 21.109 39.147
91.327 ||30 26.664 43.382
50.108 |31 79.992 83.430
79.587

69.380
80.622
91.327
86.820
74.874
78.407
88.691
70.621
79.587
74.874
49.417
46.752
24.127
29.338
82.866

O 0 9 N B W N =

—_ = = = = s =
A R WD = O

W53 99.54. % Bidab Ty f“2. 3710 R T 24T 34t
IR SIS, T SR 2

i 2 = (U — S B8 /B0 (8

gE RN 6 Fio , MR L34 Vo 5 T 99.54
I3 B 253 5N 0.46%3.43% - 1.48% , 1IF B % 451 74
Al PO L E R R R AT L
2.8 HAHMEMNER

TEARAE FL 8 51 A0 R Fe e e AT iR T, 4%
fR“2.77 100 A 77 #1753 43 i) & A TRl 2 & (1%
2%-4%-8%16%) AL E , W A B HAT L& W0, %
RABFWEAMER, AR NEKT. SREW, ALERK
AT 1% B FLE AN ST A0 IR, 75 50 iR 3k, % Tl B
etk Aa e , Y i, SLE TR REEUN R E , U &
L F] 4% B, FLE FIPERE RGBS, YRR R R, Rtk
A B R A2 B8 N 4%
29 AEREMVSER

P BR“2.77 TR Kb AT ) A% B 1A N

®6 WIFLHER

Table 6 Results of validation experiment
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Table 7 Study on drug-loading performance
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Table 8 Change rate of main component content of cream
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