ISSN: 0042-8469

ISSN: 2217-4753
vojnotehnicki.glasnik@mod.gov.rs
University of Defence

Serbia

@ Vojnotehnicki glasnik/Military Technical Courier

SHILITARY TECHMICAL
uuuuuuu

Application of probability based multi:
Objective optimization in the preparation
of drug encapsulation with a designed
experiment

Yu, Jie; Zheng, Maosheng
Application of probability based multi: Objective optimization in the preparation of drug encapsulation with a
designed experiment

Vojnotehnicki glasnik/Military Technical Courier, vol. 70, no. 4, 2022
University of Defence, Serbia
Available in: https://www.redalyc.org/articulo.oa?id=661773214008

DOI: https://doi.org/10.5937/vojtehg70-38011
http://www.vtg.mod.gov.rs/copyright-notice-and-self-archiving-policy.html

This work is licensed under Creative Commons Attribution 4.0 International.

) A PDF generated from XML JATS4R by Redalyc
r@& a‘yC' ;T g Project academic non-profit, developed under the open access initiative



https://www.redalyc.org/articulo.oa?id=661773214008
https://doi.org/10.5937/vojtehg70-38011
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VOL. 70, NO. 4, OCTOBER-DECEMBER, ISSN: 004...

Original scientific papers

Application of probability based multi: Objective optimization in the preparation of
drug encapsulation with a designed experiment

HPI/IMCHCHI/IG MHOFOKPI/ITCPI/IRAI)HOI‘;I OIITUMH3ALIWH, OCHOBAHHOH Ha BGpOfITHOCTI/I, HPI/I TTOATOTOBKCHHKAIICYASITTMH
A@K‘deTBCHHbIX CPCACTB C HOMOLHI)IOCHPO€KTI/IPOB’JHHOI‘O 3KCHCPI/IMCHT21

HPI/IMCHH BI/IHICKpI/ITCPI/ijMCKC OI'ITI/IMI/ISQIII/ch Ha 6213I/IBCPOB21THOhC Yy HpI/IHpCMI/I CHK‘&HCYA&IIHJ.C ACKOBa HOMOhy
/\HB&jHI/IpaHOF CKCHCpI/IMCHT&

JieYua DOTI: https://doi.org/10.5937/vojtehg70-38011
Northwest University, China Redalyc: https://www.redalyc.org/articulo.oa?

yujie@nwu.edu.cn id=661773214008

https://orcid.org/0000-0001-6606-5462

Maosheng Zheng b
Northwest University, China
mszhengok@aliyun.com

https://orcid.org/0000-0003-3361-4060
Received: 22 May 2022
Revised document received: 13 October 2022
Accepted: 14 October 2022

ABSTRACT:

Introduction/purpose: In this paper, probability based multi — objective optimization (PMOQ) is employed to objectively study
the optimization problems of the drug encapsulation of water-soluble chitosan (WSC) / poly — gama - glutamic acid (Y-PGA) -
tanshinone ITA (TA) with a response surface design and glycerosome - triptolide with an orthogonal experimental design
Methods: In PMOO, a concept of preferable probability has been introduced to describe a preference degree of the performance
utility. Each beneficial and unbeneficial utility index contributes a partial preferable probability in a linear manner, positively
and negatively, respectively and all the performance utility indicators are simultaneously and equally treated. The total preferable
probability of a candidate is the product of all partial preferable probabilities, which thus transfers a multi-objective problem into
a single-objective one.

Results: 1. The optimal encapsulation of WSC / Y-PGA - TA is for WSCof 5.755 mg-ml ™}, TA 0f 1.0275 mg-ml ™!, when the ratio
of TA to the carrier material is 1: 4.9, and the reaction time is 1.302h. 2. The optimal preparation conditions of glycerosomes —
triptolide are a glycerol concentration of 20%, the phospholipid to cholesterol mass ratio of 30:1 and the phospholipid to triptolide
mass ratio of S:1.

Conclusion: The results show the applicability of PMOO in the optimization of encapsulation composites with designed tests.

KEYWORDS: probability theory, multi-objective optimization, preferable probability, test design, drug encapsulation.
Pe s 10Me:

Baeaenue/uean: B AaHHOI cTaThe IPEACTABACHA MHOTOKPHTCPHAABHAS ONITUMU3ALIMSI, OCHOBAHHAS HA BEPOSITHOCTU (probability
based multi — objective optimization (PMOO)), C IIEABI0 OOBEKTHBHOTO HU3yYEHUS npo6AeM ONTUMU3ALUU HHKANCYASIIUU
AEKaPCTBEHHBIX CPEACTB U3 BOAOPACTBOPHMOTO XUTO3aHa (WSC) / moau — rama - TAYTAMHHOBO KMCAOTBI ((¥-PGA) - ranmunona
IIA (TA) c auzaitHoMm IOBEPXHOCTH OTKAUKA U TAHIIEPOCOMBI - TPHITOAUAA C ITOMOIIBI0 OPTOTOHAABHOM 3KCIEPUMEHTAABHOM
KOHCTPYKIHH.
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MCTO,A,I)I: B MHOI‘OKPI/ITepI/IaAI)HOI‘/JI OIITUMH3ALINH, OCHOBaHHOH Ha BCPOSATHOCTH, 65100 BBCACHO ITOHATHUC HPCAHOHTHTCALHOﬂ
BCPOSATHOCTH AAsl OIMCAHHS CTCIICHH ITOAC3HOCTH ITPOU3BOAHUTCABHOCTH. Ka)K,A,bIﬁ MOAC3HBIA HAU 6€CHOACSHLIfI HHACKC
NPOHU3BOAUMTCABHOCTH AMHECHHO BAHSIET Ha YaCTUYHYIO IPCAIIOYTUTCABPHYIO BEPOSITHOCTD B IOAOXKMTCABHOM HAH OTPUIIATCABHOM
CMBICAE, a BCC ITOKA3aTCAH ITOAC3HOCTH OAHOBPCMCHHO PaCcCMAaTPHUBAIOTCSI B OAMHAKOBOM ITOPSIAKE. O6H.laﬂ TIPCATTIOYTUTCABHAS
BCPOATHOCTD KaHAHAATA SBASICTCS NPOHU3BCACHHCM BCEX OTACABHBIX IIPCAMOYTHTCABHBIX BCPOﬂTHOCTCﬁ, 4TO IICPEBOAUT
MHOTI'OKPHUTCPHAABHYIO HPO6ACMY B OAHOKPHUTCPHAABHYIO.

Pesyabrarsr: 1. Onrumasshas WSC / Y-PGA-TA cocrasasier aast WSC 5,755 mr-ma~ L, TA 1.0275 mr-ma” L, KOTAQ COOTHOIIEHHE
TA x marepuaay-Hocuteao cocraBaser 1: 4,9, a Bpems peakumu — 1,302 4w. 2. OnrTuMasbHBIE YCAOBHUS IIPHIOTOBACHHE
TAHIIEPOCOMBI — TPHIITOAUAA P KOHIIEHTparuu raunepuna 20%, mpu MaccoBoM oTHOIEHHH $PocPoanaa K xosectepuny 30:1
U MacCOBOM COOTHoIIeHHE GOCHOAUTUAOB K TPUNITOAHAAM S: 1.

BbIBOAI)I: PCSyAbTaTI)I ITOKAa3bIBAKOT HPI/IMCHI/IMOCTI) MHOI‘OKPI/ITCPI/IaAI)HOI.;I OIITUMHU3AIIUH, OCHOB&HHOI‘;I Ha BCPOﬂTHOCTI/I, B
OITHMH3ALUH IEPMETUSHPYIOLIUX KOMIIO3UTOB € IIOMOIIBIO Pa3pabOTaHHBIX TECTOB.

KnwouyeBH e CJ OB a: TCOpUA BCPOHTHOCTCfI, MHOTOKPHUTCPHAAbHASI ONTHMH3ALNS, HNPCAITOYTUTCAbHAS
BCPOATHOCTD, paspa60TKa TCCTOB, MHKAINICYASIIINS ACKAPCTBCHHBIX CPCACTB.

ABSTRACT:

VYBoa/tmm: YV paay je IpeAcTaBACHA BULIEKPUTEPHjYMCKa ONTHMHU3ALMja 3acCHOBaHa Ha BeposatHohu (probability based multi
objective optimization ~-PMOO) sa o6jexTnBHO npoydaBarme MpobaeMa ONTUMHU3ALIMjE CHKAIICYAALIHjE ACKOBa [IOMONy XHTO3aHa
pactBopausor y Boan (water-soluble chitosan - WSC)/rama noaurayramuncke xuceanre ((Y-PGA) — tarnmmnona IIA (TA)
nomohy AU3ajHa IOBPIIKHE OATOBOPA H TAHLICPO3OMA - TPUIITOAMAR IIOMONy OPTOrOHAAHOT AM33jHA EKCIICPUMEHTA.

Metoae: Y BHIIEKPUTEPHjyMCKOj ONTUMM3ALIUjH, 3ACHOBAHO] HA BEPOBATHONN, YBEACH je KOHLIENT IIOXKEAHHE BepOBaTHONe Kako
61 Ce OIHCA0 CTEIEH MOXEAHOCTH KOPUCHOCTH Heke nepdopmance. CBaku KOPHCHHM MAM HEKOPHCHHM HHACKC KOPHUCHOCTH
AMHEAPHO AOIPUHOCH ACAUMHYHO] II0XEAHHO] BepoBaTHONHM y MOSUTUBHOM, OAHOCHO y HETaTHBHOM CMHCAY, 2 CBU IIOKA3aTEAH
KOPHCHOCTH NepPOPMAHCH TPETHPA]y €€ MOAJEAHAKO U jeAHOBPEMEHO. YKyIIHa MOXeApHA BEPOBATHONA KaHAMAATA IPOU3BOA je
CBHX IAPLMjaAHUX II0KEAHUX BEPOBATHONA, YMMe Ce BULIEKPUTEPUjYMCKH IPOOAECM IIPEBOAH Y j€AHOKPHTEPUjYMCKH.

Pesyararu: 1. Ao ontumasne enxancyaaruje WSC /' Y-PGA-TA posasu xapaje WSC 5.755 mg- ml~!, TA 1.0275 mg: ml™!, oamoc
TA n Hoceher Matepujasa 1:4.9, a Bpeme peaxnuje 1.302h. 2. OnrumasHy ycAOBH IpHIpeMe TAULIEPO30MA — TPHITOAUAR CY IIPH
KOHIIeHTpauuju rannepuna op 20%, macenom opHocy ¢pocpoaunuaa u xorecreposa 30:1 u maceHOM opHOCY Ppocdornnuaa u
TpunrToAnaa 5:1.

3axmyuax: Pesyaratn noxasyjy npuMeHAHBOCT BULICKPUTEPUjyMCKE ONITUMH3ALMjE 3aCHOBaHe Ha BepoBarHohu y onTuMusanuju
€HKAIICYAALlHje KOMIIOS3HTA TOMOLy AM3ajHHPaHHX TeCTOBA.

KEYWORDS: Teopuja BCPOBaTHOhC, BUIIEKPUTEPHUjYMCKA ONTUMM3AIIHU]a, [TOXKEHHA BePOBaTHoha, AM32jH TECTa, CHKATICYAAITHja
AEKOBa.

INTRODUCTION

Currently, probability based multi - objective optimization (PMOQ) has been proposed from the viewpoint
of probability theory (Zheng et al, 2021). A concept of preferable probability has been introduced to describe
a preference degree of the performance utility where each beneficial and unbeneficial utility index contributes
a partial preferable probability in a linear manner, positively and negatively, respectively. All the performance
utility indicators are simultaneously and equally treated and the total preferable probability of a candidate
is the product of all partial preferable probabilities, which thus transfers a multi-objective problem into a
single-objective one. PMOOQO attempts to solve the intrinsic problems of artificial factors in other previous
multi — objective optimizations. The new multi — objective optimization method was successfully extended
to material selection applications with the multi — objective orthogonal test design method (OTDM), the
response surface methodology (RSM) and the uniform test design method (UTDM) as well (Zheng et al,
2021; Zheng et al, 2022a; Zheng et al, 2022b).

Most actual optimality problems in the medical field are multi - objective optimization problems
(MOOP). The main feature of multi - objective optimal problems is the contradiction and non -
commutability between attributes, but they need to be optimized simultaneously (Mandal et al, 2018;
Mirjalili & Dong, 2020; Mankowski & Moshkov, 2021). Besides, there is no uniform metric between theses
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attributes in general; therefore, they cannot be compared directly. The previous approaches give a set of
optimal solutions, called the non-inferior solution set, such as the commonly used Pareto solution set. Take
the preparation of a drug encapsulation composite with biopolymer as an example - it is necessary to consider
the encapsulation efficiency and the drug loading efficiency to be optimal objectives at the same time (Yu et
al, 2020). On the other hand, in the research of Chinese herbal compound drugs, the dose-effect relationship
of Chinese herbal compound has non-linear characteristics - there may be differences in the efficacy of
different doses of prescriptions, and the efficacy of Chinese herbal medicines has multiple paths, points, and
multiple targets. The selection of different efhicacy indicators and index weights, the ratio of the components
of the compound and the interaction mechanism between the components are also different. Therefore, it is
necessary to seek a proper combination of drugs that can improve the efficacy of the compound and maximize
the dose of multiple efficacy indicators (Chen et al, 2021; Wu et al, 2013; Song et al, 1992).

Since probability based multi — objective optimization (PMOQ) was proposed from the viewpoint of
probability theory, which has the advantages of excluding inherent problems of artificial factors in other
multi — objective optimizations, it has had successful applications in many practical examples. In this paper,
PMOQO is used to objectively perform the overall optimal preparation of the drug encapsulation of water-
soluble chitosan/poly — gama - glutamic acid - tanshinone IIA with a response surface design and glycerosome
- triptolide with an orthogonal experimental design, so as to open a new application field.

PRINCIPLE AND METHOD OF PROBABILITY BASED MULTI — OBJECTIVE OPTIMIZATION
(PMOO)

In PMOO (Zheng et al, 2021), all indices of the performance utility of candidates are divided into
both beneficial or unbeneficial types according to the practical requirement or preference preliminarily; a
beneficial utility index contributes a partial preferable probability in a linear manner positively, i.c.,

Py=yUpi=12..nj=12..m )
In Eq. (1), U; is the j* performance utility index of the i candidate scheme; P;; represents the partial
preferable probability of the beneficial performance utility indicator Uy ; n is the total number of candidate
schemes in the scheme group involved; m is the total number of performance utility indicators of each
candidate scheme in the group; and 7 is the normalized factor of the j* performance indicator.
Furthermore, according to the general principle in probability theory (Zheng et al, 2021), the

normalization of partial preferable probability P;; for the index i in the jﬂy performance indicator leads to
the following result naturally

1
Tal,

7
o)

7 is the arithmetic mean value of the jﬂ’ performance indicator in the scheme group involved.
Similarly, an unbeneficial utility index contributes a partial preferable probability in a linear manner
negatively, i.c.,
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Py =1y(Umax + Upmin - Up), i = 1,2,...,m;j=1,2, ..., m. 5

In Eq. (3), U; max and U; min represent the maximum and minimum values of the performance utility

index U; in the i grou , respectively. Furthermore, the normalized factor 7 of the i™ oroup of performance
j ) group, resp y ) grouporp
indicator is

1
(MU i +U 1) —0U 1

Jmn Jmax

n;=
(4)

Moreover, according to probability theory (Zheng et al, 2021), the total / comprehensive preferable
probability of the i candidate scheme is the product of its partial preferable probability Py of each
performance utility indicator in the optimization, i.c.,

J= (5)

Thus, by using the total preferable probability of a candidate alternative being the product of all partial
preferable probabilities, it naturally transfers a multi-objective problem into a single-objective one.

The total preferable probability ; of a candidate is the unique decisive index in the competitive
optimization process. The main characteristic of PMOO is that the treatment for both the beneficial
performance utility index and the unbeneficial performance utility index is equal without any artificial or
subjective scaling factors and the requirements of simultaneous optimization for multi - objectives are met
from the viewpoint of probability theory.

APPLICATIONS IN DRUG ENCAPSULATION WITH A DESIGNED EXPERIMENT

Optimal preparation of drug encapsulation has been one of important issues in recent years. In this paper,
the optimization problems of water-soluble chitosan / poly — gama - glutamic acid - tanshinone IIA with a
response surface design and glycerosome - triptolide with an orthogonal experimental design are restudied
by employing PMOO objectively.

1) Application of PMOO in the optimal preparation of the encapsulation composite of water-soluble
chitosan / poly - gama - glutamic acid - tanshinone IIA with a response surface design

Yu et al (2020) conducted the optimal preparation of the encapsulation composite of water-soluble
chitosan/poly-gama-glutamic acid - tanshinone ITA with a response surface design, based on the traditional
treatment of a response surface design with the "additive” algorithm multi - attribute utility theory. As
it was pointed in (Zheng et al, 2021), there exist intrinsic problems of artificial and subjective factors
in the "additive" algorithm of the previous multi-attribute utility theory (Zheng et al, 2021). Here, the
optimal preparation of the encapsulation composite of water-soluble chitosan / poly — gama - glutamic acid
- tanshinone ITA with a response surface design is reanalyzed by PMOO once more.

927



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VOL. 70, NO. 4, OCTOBER-DECEMBER, ISSN: 004...

Table 1 cited the analysis results of utility in the optimal preparation of the encapsulation composite of
water-soluble chitosan (WSC) / poly-gama-glutamic acid (Y-PGA) - tanshinone ITA (TA) with a response
surface design (Yu et al, 2020). The input variables include x;, x5 x3 and x4, in which x; is the WSC

concentration (mg-ml™"), x, represents the TA concentration (mg-ml™"), x; is the ratio of TA to the carrier
material (in weight), and x4 indicates the reaction time (h). The encapsulation efficiency Y, and the drug
loading efhiciency Y, are the optimal objectives, which belong to the beneficial type index. Table 2 shows the
evaluation results for the preferable probability in the spirit of a response surface design.

Table 2 indicates that experiments 2 and 25 are the appropriate schemes with the highest total partial
probability for the preparation of the encapsulation composite of water-soluble chitosan / poly-gama-
glutamic acid - tanshinone ITA with a response surface design comparatively.

Furthermore, the regression of the data in Table 2 can be used to conduct profound optimization. Eq. (6)
is the regressed formula of the total preferable probability P, vs the input variables, x, x5, x3,and xy4.

Pix103= 1.9644 - 0.1787x1+0.0254x2 - 7.2x105x3+0.1717%4 - 0.4411x42 -
0. 7445)(22 -0.5502)(32 -0. 1494)(42 +0.3381 x1x3 -0.0329x%1x4 - 0.0172x%2%3 +
0.0913x2x4+0.0443x3x4

R? = 0.8620. ©)

TABLE 1
Details of the BoxBehnken test design and the results

Test Encapsulation E;Léi%ng
Xy | |xg |y |efficiency Y, efficiency

Mo. %) Y, (%)
1 1 0 1 1 79.21 .25
2 0 0 0 0 93.25 11.22
3 0 0 0 0 94.51 9,92
4 o]0 |-1]1 B5.22 £.38
5 0 1 1 0 7251 438
g o |0 |-1]-1 |75.87 518
7 1 0 0 -1 |8456 6.97
3 0 0 0 0 90.24 10.09
9 0 -1]0 1 85.69 £.38
10 |11 1 0 0 79.54 £.239
11 |0 0 1 1 §7.21 7.83
12 | -1 |0 0 -1 |892.80 8.73
13 |1 0 0 1 59.96 6.34
14 |0 0 1 -1 |79.E5 £.05
15 |0 |-1]0 |-1 |B0.79 5.08
16 | -1 |1 0 0 56.73 3.96
17 |0 |1 |0 |-1 |78E2 426
18 | -1 |0 1 0 76.97 632
19 | -1 |0 0 1 90.73 9.5
20 |0 -1 01 0 78.22 473
21 |1 0 -1 ]0 738.54 6.21
22 |1 0 0 0 54.97 5.07
23 |-1 -1 (0 0 54.46 6.01
24 |0 -1 |0 0 83.36 6.32
25 |0 0 0 1 a5.02 11.03
26 |0 |-1[-110 50.33 495
27 |0 1 -1 10 FO.E7 5.38
28 |0 |0 [0 |0 92.73 9.89
29 |-1 10 -1]0 80.39 £5.54
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Tabauna 1 — IToppo6GHas undpopmanus o KOHCTpyKLuH TecTa bokca-Benkena u pesyasrarax
Tabeaa 1 — Aeramu tecra Box-Behnken ausajHa u merosu pesyaratu

TABLE 2
Evaluation results of the preferable probability of utility in the preparation of the
encapsulation composite of WSC gama-PGA-TA in the spirit of a response surface design

Test Enc_a_psulation E);Lé%ng
Hy %o |xg |y |efficiency Y, efficiency

Ho. %) Y, ()
1 1 0 1 1 79.31 .25
2 0 0 0 0 95.25 11.22
E 0 0 0 0 94.31 9,92
4 0 0 -1 11 85.22 .38
= 0 1 1 0 7251 4.38
5] 0 0 -1 |-1 |7587 518
7 1 0 0 -1 |34.56 6,97
a8 0 0 0 0 90.34 10.09
3 0 -1 1|0 1 55.69 £.33
10 |1 1 0 0 79.84 .39
11 |0 0 1 1 8721 789
12 | -1 |0 0 -1 [32.80 5.73
12 |1 0 0 1 89.96 G5.54
14 |0 0 1 -1 |[79.65 £.05
15 |0 -1 10 -1 [B80.79 5.08
16 |-1]1 0 0 5E.73 3.96
17 |0 1 0 -1 |7882 4.26
15 |-1 |0 1 0 7E6.97 £.352
19 |-1]0 0 1 90.73 9.58
20 |0 -1 11 0 7822 473
21 |1 0 -1 1|0 78.34 621
22 |1 0 0 0 84 97 5.07
23 | -1 ]-1]0 0 54.46 £.01
24 |0 -1 10 0 83.36 5.32
25 |0 0 0 1 95.02 11.0Z
26 |0 -1 [|-11]0 80.33 498
27 |0 1 -1 |0 7067 5.38
28 |0 0 0 0 9273 9.89
29 | -1 |0 -1 |0 50.39 £.54

Tabanna 2 — Pe3yAbTaThl OLICHKH IPEAIOYTUTEABHON BEPOSTHOCTU IIOAC3HOCTH IPHU IIPUTOTOBACHHU
repmerusupyoniero komnosura WSC / gama-PGA-TA B Ayxe KOHCTPYKIMM ITOBEPXHOCTH OTKAMKA
Tabeaa 2 — PesyataTn eBaAyaluje MOXeHHE BEPOBATHONE KOPHCHOCTH y IIPHUIIPEMH
xomnosura WSC / gama-PGA-TA 3a eHKaIICyAalljy y CKAGAY Ca AM3ajHOM IIOBPIIMHE OATOBOPA

The total preferable probability P, gets its maximum Py, % 1 0® =2.0394 at x; = 5.755 mg'ml_l, Xy =
1.0275 mg-ml ™, x3=1: 4.9,and x, = 1.302 h.

Simultancously, the encapsulation efficiency Y, (%) and the drug loading efficiency Y, (%) of the
preparation can be fitted, and are given as follows

Y. = 92.4514 - 0.8660x, - 2.6375x2 + 0.1389x3 + 2.2449x, - 4.8949x,2 -
10.3491x22 - 8.7025x32 - 0.1760x42 + 6.1970x1x3 +0.7516x1X4 +0.9875X2X3
- 0.6621x2x4- 0.6855%3X4 (7)

Y, getsitsoptimal Y, = 93.43%atx; = 5.755 mg: ml™, x,=1.0275 mg-ml_l,xg =1:4.9,andx,=1.302h.
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Ye (%) = 10.0612 - 0.8559x4 + 0.2232x2 - 0.0247x3 + 0.7516X4 - 1.9370x42
-3.3194x22 - 2.3077x32 - 0.7432x4%2 + 1.5714x1%3 - 0.2467X1X4 - 0.1875X2X3
+ 0.4711x2X4 + 0.2385%3X4 (8)

Y. getsitsoptimal Y.y, = 10.40% atx; = 5.755 mg- ml™, x,=1.0275 mg-ml_l,xg =1:4.9,andx,=1.302h.

The predicted values for ¥, and ¥, are close to the averaged encapsulation efficiency and the drugloading
average, so their values of the tested encapsulated composite were 91.89% and 10.29%, respectively (Yu et
al, 2020). This indicates that this is a reasonable method for the optimal conditions of an encapsulation
composite with a response surface design.

2) Application of PMOO in the optimal preparation of the encapsulation composite of glycerosomes —
triptolide with an orthogonal experimental design

Zhu et al (2022) conducted optimizing glycerosome formulations via an orthogonal experimental design
to enhance transdermal triptolide delivery. The entrapment efficiency (EE) of the nanocarriers and the drug
loading (DL) are taken as evaluated attribute indexes. The glycerol concentration (A, %), the phospholipid
to cholesterol mass ratio (B, m/m) and the phospholipid to triptolide mass ratio (C, m/m) were set as
independent variables with three levels of A (10, 20, 30 %), B (10:1, 20:1, 30:1 m/m) and C (5:1, 15:1, 30:1
m/m). Thereafter, the three-level orthogonal table [L9(3*)] was employed in the study.

Here, the optimal preparation of the encapsulation composite of glycerosomes — triptolide with an
orthogonal experimental design is restudied by PMOO again. Table 3 cited the experimental arrangement
and the results based on the L9(3*) orthogonal design (Zhu et al, 2022).

The encapsulation efficiency and the drug loading efhiciency belong to the beneficial type index. Table 4
shows the evaluation results of the preferable probability of the experimental data; Table 5 represents the
evaluation results of the range analysis for total preferable probability.

From Table 5, the optimal composite is C1A42B3, which is the same as the first glanced rank 1 of test No.
6 in Table 4 luckily.

TABLE 3
Experimental arrangement and the results based on the L9(3*) orthogonal design

Test|& |B |C [EE e [DL %)

=
@

=

ESE7 (1541
6187 [5.87
=578 [3.12
E556 |5.71
=464 [5.07
7740 |16.19
4325 [2.82
B7.37 |15.97
=485 [E.06

CO | B =] | 10| s [T | D

[SARLVAR VAR OV LR E R Dol Dol | o
D PD = (L T = DT R
PO = [ = ] P | T (=

Tabanua 3 — DKCIIepUMEHTAABHAS CXEMA M PE3YABTATBI, OCHOBAHHBIC HA OPTOTOHAABHON KOHCTPYKIIUH L9(34)

Tabeaa 3 — YpeheHocT excriepuMenTa i pe3yATaTH 3aCHOBAHM Ha OPTOTOHAAHOM AMSAjHY A9(34)
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TABLE 4
Evaluation results of the preferable probability of the experimental data

Test Total
Partial preferable | preferable
Mo. | probability probability
and rank
EE DL P,x10% |Rank
1 01202 |0.2070 [24883 |2
2 01132 |0.0802 (09082 |5
2 01021 | 00419 (04280 |7
4 01200 | 00767 [0.9205 |4
) 01000 |0.0412 (04125 |8
& 0.1417 | 02175 [3.0813 |1
7 00732 | 00394 (03116 |3
=] 01233 |0.2145 [268455 |2
3 01004 | 00814 08173 |&

TQ.6AI/IL[2. 4 - PCBYAI)TQ.T]:I OLICHKH HPCAHO‘-ITPITCAI)HOIU/I BCPOATHOCTH 3KCH€PI/IMCHTB.AI>H]>IX AQHHBIX
T3.6CA3 4 - PCBYATB.TI/I eBaAyaunje IIOXEAPHE BCPOB&THOhC CKCHCPI/IMCHT&AHI/IX mopaTaka

TABLE 5
Evaluation results of the range analysis for total preferable probability

Level | A& E C
1 1.2743 |1.2401 | 273284
2 1.4714 |1.3221 |0.8820
3 1.2581 |1.4422 | 0.2840
Range [0.2133 |0.202]1 | 253544
Crder |2 3 1

Ta6AI/ILI3. S - PCSyAbTaTbI OLICHKHU aHAaAH3a AWAIla30HA HPCAHO'{THTCABHOI;I BCPOATHOCTH
Ta6CA2. 5 - PCByATQ.TI/I CBQ.AyB.L[I/IjC AQHAaAHN3C paHrupa}ba 3a IOXXCHoHY BCPOB&THOhy

DiscussioN

Since many problems involved in drug research are multi-objective optimization ones such as encapsulation
efficiency and drug loading efficiency being optimal objectives in the preparation of drug encapsulation
composites with biopolymer, it is necessary to reach the optimal status at the same time. In the investigation
of Chinese herbal compound drugs, the dose-effect relationship of Chinese herbal compounds has non-linear
characteristics, and there may be differences in the efficacy of different doses of prescriptions. Furthermore,
the eflicacy of Chinese herbal medicines has multiple paths, points, and multiple targets. The PMOO method
attempted to deal with the problem of simultaneous optimization of multiple objectives and to exclude the
intrinsic problems of previous optimization methods due to subjective factors, so it might be an appropriate
assessment for drug research.

The above results indicate that probability based multi-objective optimization is applicable in the
preparation of encapsulation composites with a designed test.
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CONCLUSION

The newly developed probability based multi-objective optimization method has been successtully applied
for the appropriate optimal preparation of the drug encapsulation composite with a designed test, which
includes the water-soluble chitosan / poly - gama - glutamic acid - tanshinone ITA with a response surface
design and glycerosome - triptolide with an orthogonal experimental design. The main features of the new
probability theory are: the treatment for both the beneficial performance utility index and the unbeneficial
performance utility index being equal and simultaneous; no artificial or subjective scaling factors involved in
the assessment process; and fulfilling the requirements of simultaneous optimization for a multi — objective
problem from the viewpoint of probability theory. The potential future direction for the application of the
probability theory based multi-objective optimization method is to explore more cases with complexity.
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