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Abstract:

Introduction/purpose: In this paper, probability based multi — objective
optimization (PMQOO) is employed to objectively study the optimization
problems of the drug encapsulation of water-soluble chitosan (WSC) / poly
— gama - glutamic acid (y-PGA) - tanshinone IIA (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 / »-PGA - TA is for WSC of
5.755 mg-ml™', TA of 1.0275 mg-mi~",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 — friptolide are a glycerol
concentration of 20%, the phospholipid to cholesterol mass ratio of 30:1
and the phospholipid to triptolide mass ratio of 5:1.
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Conclusion: The results show the applicability of PMOO in the
optimization of encapsulation composites with designed tests.

Key words: probability theory, multi-objective optimization, preferable
probability, test design, drug encapsulation.

Introduction

Currently, probability based multi — objective optimization (PMOOQO)
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. PMOO 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 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
efficacy indicators and index weights, the ratio of the components of the
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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 (PMOO) 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, PMOO 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.e.,

P’] = %Ul]! I = 172;---5 n’./ = 172""’ m. (1)

In Eq. (1), Uj is the j performance utility index of the it" candidate
scheme; Pj 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 j performance indicator leads to the following result
naturally

I‘”

V= (2)
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Uj is the arithmetic mean value of the j performance indicator in the

scheme group involved.
Similarly, an unbeneficial utility index contributes a partial
preferable probability in a linear manner negatively, i.e.,

Pj =1j(Uimax + Ujmin - Uy), i = 1,2,...,n;j=1,2, ..., m. (3)

In Eq. (3), Umax and Umin represent the maximum and minimum
values of the performance utility index U; in the /1 group, respectively.
Furthermore, the normalized factor 7, of the /" group of performance
indicator is

1
[n(Ujmin +Ujmax) _nt]

Moreover, according to probability theory (Zheng et al, 2021), the

total / comprehensive preferable probability of the " candidate scheme is

the product of its partial preferable probability P; of each performance
utility indicator in the optimization, i.e.,

m
F=F,-B, b, :HPz'j. (5)
Jj=1

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 P; 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.

n; 4)

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.
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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 IIA with a response surface design, based on the
traditional treatment of a response surface design with the "additive"
algorithm muilti - 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 IIA with a response surface design is reanalyzed by PMOO
once more.

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 IIA (TA) with a response
surface design (Yu et al, 2020). The input variables include xs, x2, X3 and
X4, in which x7 is the WSC concentration (mg-ml™'), x> represents the TA
concentration (mg-ml™), x3 is the ratio of TA to the carrier material (in
weight), and x4 indicates the reaction time (h). The encapsulation
efficiency Ye and the drug loading efficiency 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 IIA 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, x1, x2, x3, and x4.

Pix103= 1.9644 - 0.1787x1+0.0254x2 - 7.2x10°x3+0.1717x4 - 0.4411x4? -
0.7445x2? -0.5602x3° -0.1494x4? +0.3381 x1x3 -0.0329x1x4 - 0.0172x2x3 +
0.0913x2x4+0.0443x3x4

R? = 0.8620. (6)
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Table 1 — Details of the Box-Behnken test design and the results

Tabnuya 1 — NoOpobHas uHgopMayus o KOHCmpyKyuu mecma bokca-beHkeHa u
pesynbmamax

Tabena 1 - [Hemarbu mecma Box-Behnken du3ajHa u wezosu pe3ynmamu

Test i lx |xs | xa En.cz.apsulation Drgg loading
No. efficiency Ye (%) efficiency Yc¢ (%)
1 1 0 1 1 79.31 5.25
2 0 |0 (0 |O 93.25 11.22
3 0 |0 |0 |O 94.31 9.92
4 0 |0 |[-1]1 85.22 6.38
5 0 1 1 0 72.51 4.38
6 0o (0 |-1]-1 75.87 5.18
7 1 0 |0 -1 84.56 6.97
8 0 |0 [0 |O 90.34 10.09
9 0 [-1|0 1 85.69 6.38
10 1 1 0 |0 79.84 6.39
11 0 |0 1 1 87.21 7.89
12 -1]10 |0 -1 92.80 8.73
13 1 0 |0 1 89.96 6.34
14 0 |0 1 -1 79.65 6.05
15 0 [-1|0 -1 80.79 5.08
16 -1 11 0 |0 66.73 3.96
17 0 1 0 -1 78.62 4.26
18 -11]0 1 0 76.97 6.32
19 -110 |0 1 90.73 9.58
20 0 |-1|1 0 78.22 4.73
21 1 0O |-1|0 78.34 6.21
22 1 0 |0 |O 84.97 5.07
23 -1|1-1]0 |0 84.46 6.01
24 0 |-1|0 |O 83.36 6.32
25 0 [0 |O 1 95.02 11.03
26 0 |-1|-1]0 80.33 4.98
27 0 1 -11]0 70.67 5.38
28 0 |0 [0 |O 92.73 9.89
29 -110 |-11]0 80.39 6.54
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Table 2 — Evaluation results of the preferable probability of utility in the preparation of the
encapsulation composite of WSC / »-PGA-TA in the spirit of a response surface design

Tabnuya 2 — Pe3ynbmamabi oueHKU fpednoYymumeribHol 8epOsSIMHOCMU nosie3Hocmu
npu npueomoesnieHuu eepmemusupyrowe2o komrnosuma WSC / -PGA-TA e dyxe
KOHCMPYKUUU 10BEPXHOCMU OMKITUKa

Tabena 2 — Pe3aynmamu esarlyayuje rnoxesbHe eeposamHyohe KopucHocmu y npurnpemu
komrnosuma WSC / »-PGA-TA 3a eHkarcynayujy y ckrady ca Ou3ajHoM rnospuiuHe

odzosopa
Test Partial prefe_rab/e Total prefc'a(ab/e
No probability probability
) Pe Pc Pix10°
1 0.0329 0.0267 0.8781
2 0.0386 0.0571 2.2064
3 0.0391 0.0505 1.9729
4 0.0353 0.0325 1.1466
5 0.0301 0.0223 0.6698
6 0.0314 0.0264 0.8288
7 0.0350 0.0355 1.2429
8 0.0374 0.0513 1.9223
9 0.0355 0.0325 1.1529
10 0.0331 0.0325 1.0759
11 0.0361 0.0401 1.4511
12 0.0385 0.0444 1.7085
13 0.0373 0.0323 1.2028
14 0.0330 0.0308 1.0162
15 0.0335 0.0258 0.8655
16 0.0277 0.0202 0.5573
17 0.0326 0.0217 0.7063
18 | 0.03190 | 0.0322 1.0258
19 0.0376 0.0487 1.8330
20 0.0324 0.0241 0.7802
21 0.0325 0.0316 1.0259
22 0.0352 0.0258 0.9085
23 0.0350 0.0306 1.0705
24 0.0345 0.0322 1.1110
25 0.0394 0.0561 2.2102
26 0.0333 0.0253 0.8436
27 0.0293 0.0274 0.8018
28 0.0384 0.0503 1.9340
29 0.0333 0.0333 1.1087
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The total preferable probability P: gets its maximum Pimaxx10°
2.0394 at x; = 5.755 mg-ml™", x2 = 1.0275 mg-ml™", x3 = 1: 4.9, and x4
1.302 h.

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

Ye = 92.4514 - 0.8660x+ - 2.6375x2 + 0.1389x3 + 2.2449x4 - 4.8949x+2 -
10.3491x2% - 8.7025x%32 - 0.1760x4% + 6.1970x1X3 +0.7516X1X4 +0.9875x2X3
- 0.6621x2x4- 0.6855x3x4

R2 = 0.9060. 7)

Ye gets its optimal Yeop: = 93.43% at x; = 5.755 mg-ml™', x> = 1.0275
mg-ml™, x3 = 1: 4.9, and x4 = 1.302 h.

Ye (%) = 10.0612 - 0.8559x1 + 0.2232x2 - 0.0247x3 + 0.7516x4 - 1.9370x42
-3.3194x22 - 2.3077x32% - 0.7432x42 + 1.5714x1%3 - 0.2467%1X4 - 0.1875x%2x3
+ 0.4711x2x4 + 0.2385x3%4

R? =0.8420. (8)

Y. gets its optimal Yecopr = 10.40% at x1 = 5.755 mg-ml™', x> = 1.0275
mg-ml™', xs = 1: 4.9, and x4 = 1.302 h.

The predicted values for Y. and Y: are close to the averaged
encapsulation efficiency and the drug loading 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
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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 efficiency 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 C1A2B3, 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(34) orthogonal
design

Tabnuya 3 — OkcriepumMeHmMarnbHas cxema U pesyrbmambl, OCHO8aHHbIE Ha
opmozoHarnbHoU KoHcmpykuyuu L9(34)

Tabena 3 — YpeheHocm ekcriepumeHma u pe3ynmamu 3acHo8aHU Ha OpMO20HaTHOM

OusajHy J19(34)
Test |A|B | C EE (%) | DL (%)
No.
1 111 [1 65.67 15.41
2 112 |2 61.87 5.97
3 113 |3 55.79 3.12
4 2 1112 65.56 5.71
5 212 1|3 54.64 3.07
6 2 |13 |1 77.40 16.19
7 31113 43.25 2.93
8 312 |1 67.37 15.97
9 313 |2 54.85 6.06
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Table 4 — Evaluation results of the preferable probability of the experimental data
Tabnuya 4 — Pe3ynbmambl OUyeHKU rnpednoYymumeribHoU 8eposimHocmu
aKcrepumeHmarsibHbIX OaHHbIX
Tabena 4 — Pe3ynmamu esariyayuje rnoxesbHe eeposamHohe ekcriepumMeHmarnnHux

rnodamaka
L?t Partial pr_eferab/e ;?;Zl a? brl%f/rzgf
probability rank
EE DL Pix102 Rank
1 0.1202 0.2070 2.4883 3
2 0.1132 0.0802 0.9082 5
3 0.1021 0.0419 0.4280 7
4 0.1200 0.0767 0.9205 4
5 0.1000 0.0412 0.4125 8
6 0.1417 0.2175 3.0813 1
7 0.0792 0.0394 0.3116 9
8 0.1233 0.2146 2.6455 2
9 0.1004 0.0814 0.8173 6

Table 5 — Evaluation results of the range analysis for total preferable probability
Tabnuua 5 — Pe3ynbmambl OUeHKU aHanu3a duana3oHa rnpednoymumersibHoU
8eposimHocmu
Tabena 5 — Pe3aynmamu esarlyayuje aHanu3e paHaupara 3a MoxesbHy eeposamHohy

Level A B C

1 1.2749 1.2401 2.7384

2 1.4714 1.3221 0.8820

3 1.2581 1.4422 0.3840

Range 0.2133 0.2021 2.3544

Order 2 3 1
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
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compounds has non-linear characteristics, and there may be differences
in the efficacy of different doses of prescriptions. Furthermore, the
efficacy 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.

Conclusion

The newly developed probability based multi-objective optimization
method has been successfully 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 [IA 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 fulfiling 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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NMPUMEHEHWE MHOIOKPUTEPUANBHOW ONMTUMN3ALNN,
OCHOBAHHOM HA BEPOATHOCTW, NPV NOArOTOBKE
VMHKAMNCYNAUUMN NEKAPCTBEHHbBIX CPEAOCTB C MNMOMOLLBIO
CMNPOEKTUPOBAHHOIO SKCMNEPUMEHTA

[Dxu Mo?, MaoweHz YxaHb

CeBepo-3anagHblil NONUTEXHUYECKUI YHUBEPCUTET,
r. Cuanb, HapogHas Pecny6nuka Kutan

3 (hakynbTeT eCTECTBEHHbIX HayK
6 thakynbTeT XMMUYECKON UHXEeHepUn

PYBPUKA TPHTW: 27.47.00 MaTemaTunyeckas kKnbepHeTuka,
27.47.19 WccneposaHue onepauun,
81.09.00 MaTepnanoBegeHue,
45.09.00 3nekTpoTexHuyeckme maTepuanbl
BWO CTATbW: opuruHansHas Hay4Has ctaTes

Pe3some:

BeedeHue/uenb: B daHHoU cmamebe npedcmasrneHa
MHO20KpUMepuasibHas onmumu3ayusi, OCHo8aHHasi Ha 8eposimHocmu
(probability based multi — objective optimization (PMQOO)), ¢ uenbto
06BbEKMUBHO20 U3ydYeHUs npobrnemM onmumu3dayuu UHKancynsyuu
nekapcmeeHHbIx cpedcme u3 eodopacmeopumozo xumosaHa (WSC) /
rnonu — eama - ennymamuHogou kuciomsl ((y-PGA) - maHwuHoHa IIA
(TA) ¢ dusalHOM nogepxHOCMU OMK/UKa U 2/1ulyepocoMbl -
mpunmonuda ¢ MNOMOWbO OPMO2OHabHOU 3KcrepumMeHmarnbHoU
KOHCMpyKyuu.

Memodbl: B MHO20KpumepuasibHOU onmumu3ayuu, OCHO8aHHOU Ha
gepossmHocmu, 6bisio  88edeHO  oHsmue  rpednoymumesibHol
eeposimHocmu ons ornucaHusi cmeneHu rorneaHocmu
npousgodumesisHocmu. Kaxobili nonesHsil unu 6ecronesHbili UHOEKC
rpousgodumesisHocmu JNUHEeUHOo anusiem Ha 4acmuy4Hyro
npednoYymumernbHyt0  8epOSIMHOCMb 8  MOJIOXKUMENbHOM — Usu
ompuuamesibHOM CMbIcfle, a 8ce rlokasamesiu [oie3Hocmu
00HOBpEMEHHO paccmampusaromcs 8 o0uHakoeom ropsidke. Obwas
npednoymumersibHasl 8epOsIMHOCMb kaHOuOama qensgemcsi
rpous3gedeHUEM ecex omoeribHbIX npednoymumersibHbIX
geposimHocmel, 4mo nepesodum MHO20KpUMepuarnbHyH rnpobremy
OOHOKpUMepUarnbHYyIo.

Pesynemamei: 1. OnmumarnsHas WSC / y-PGA-TA cocmasnissiem 0nsi
WSC 5,755 mr-mn™", TA 1.0275 mr -mn™!, ko2da coomHoweHue TA K
mamepuary-Hocumerno cocmasnsem 1: 4,9, a epems peakyuu — 1,302 u.
2. OnmumarbHble YCrio8US  MPU20MOB/IEHUE  2/TUUepoCoOMbl  —
mpunmonuda npu KOHUeHmpauyuu eanuyepuHa 20%, rpu mMaccoeom
omHoweHuu ocgonunuda K xonecmepuHy 30:1 u maccosom
coomHoweHue ¢gpocghonunudos k mpurnmosnudam 5:1.
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Bb1800b!: Pe3ynbmamel rokasbieaom MpUMEeHUMOCMb
MHO20KpUmepuasbHoU ornmumu3ayuu, 0CHO8aHHOU Ha 8eposimHocmu,
8 onmuMmu3ayuu 2epMemu3upyrouux KOMMo3Uumos C [OMOWbiO
pa3pabomaHHbIX mecmos.

Knrodeebie croga: meopusi 8eposimHocmel, MHO20KpumepuasbHasi
onmumu3ayusi, npedrnoymumerbHasi 8epPOSIMHOCMb,  paspabomka
mecmoe, UHKarcynsyusi 1ekapcmeeHHbIX cpedcme.

NPNMEHA BULLEKPUTEPUJYMCKE ONTUMU3ALINJE HA BA3KN
BEPOBATHOTRE Y NMPUMNMPEMU EHKAMNCYNAUWJE JIEKOBA
NOMORY AN3AJHUPAHOI EKCIMEPUMEHTA

he Jy?, MaoweHe LleHr®

YHusepanutet CeBeposanag, CujaH, HapogHa Penybnuka KuHa
@ dakynTeT NPUPOAHNX Hayka

6 dakynTeT XEMUjCKOT UHXXEH-EPCTBA

OBJIACT: maTtepwjanu, padyHapcke Hayke
KATETOPUJA (TWUIM) YITAHKA: opurinHanHu HayyYHu paa

Caxemak:

Yeodlyure: Y paldy je npedcmasrbeHa  8UWEKpUMepUjyMcKa
onmumu3ayuja 3acHosaHa Ha eeposamHohu (probability based multi
objective optimization —-PMOQ) 3a objekmueHO nipoyvasarse rpobrema
onmumu3sayuje eHkarcynayuje niekosa nomMoRy  xumosaHa
pacmeopsbugoe 'y 800u (water-soluble chitosan — WSC)/eama
ronuenymamuHcke KucesnuHe ((y-PGA) — maHwuHoHa  IIA (TA) nomohy
OusajHa nospuwuHe odzoeopa u enuyepo3oma — mpunmosnuda rnomohy
OpmoeoHanHoe du3ajHa ekcriepumeHma.

Memode: Y euweKkpumepujyMckoj onmumu3sayuju, 3acHO8aHOj Ha
seposamHohu, ygeleH je KOHUenm roxesrbHe eepogsamHohe kako bu ce
ornucao cmereH NMoXesbHOCMU KOpUCHOCMU Heke riepghopmarce. Ceaku
KOPUCHU UMU HEKOPUCHU UHOEeKC KOpuCHOCMU JiuHeapHoO OonpuHOCU
OenumMuYHoOj NoXesrbHoj eeposamHohu y MO3UMUBHOM, OOHOCHO Y
HeaamusHOM CMUCITY, a C8U [oKa3amesbU KopucHocmu repgopmaHcu
mpemupajy ce nodjeOHaKko U jeOHO8peMeHO. YKyrHa [oXesbHa
seposamHoha kaHOuOama rpou3eold je ceux napyujasiHuX MOXesrbHUX
eeposamHoha, 4ume ce eulueKpumepujyMcku npobnem rpesodu y
JjeOHOKpuUmepujyMcku.

Pesynmamu: 1. [Jo onmumanHe eHkaricynauuje WSC / y-PGA-TA dona3su
kada je WSC 5.755 mg-mi™', TA 1.0275 mg-ml™', odHoc TA u Hocehee
mamepujaria 1:4.9, a epeme peakyuje 1.302h. 2. OnmumarnHu ycriosu
npunpeme enuueposoma — mpunmonuda cy  npu KoHUeHmpauuju
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enuyepuHa 00 20%, maceHom o0Hocy hbocgbonunuda u xonecmeporna
30:1 u maceHom odHocy ¢bocgponunuda u mpunmornuda 5:1.

3akrbyyak: Peaynmamu noka3syjy npuMeHrbU8ocm euliekpumepujymcke
onmumMu3ayuje 3acHogaHe Ha eepogamHohu y  onmumu3sayuju
eHKaricynauuje Komrnosuma rnomMohy dusajHupaHux mecmosa.

KmmyyHe pequ: meopuja eeposamHohe,  euwekpumepujymcka
onmumu3sauyuja, rnoxesrbHa  eepogamHoha, OuszajH  mecma,
eHKaricynayuja siekosa.
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