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Resume. Using the method of mathematical planning experiments on Box-Wilson, to
develop a technological scheme for obtaining the substance of the drug found the optimal
conditions for the extraction process: row material size - 5 mm, solvent -80% ethanole,
temperature - 20°C, extraction time - 6 hours.
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Introduction. The plants of the Crambe genus (Brassicaceae (Cruciferae)) — is the
perennial herbs, widespread in Central Asia, have 12 species. In Uzbekistan there are 4 species:
C. Kotschyana Boiss., C. edentula F., C. schugnana Korsh., C. Gordjadinii Spryg. Et Pol., C.
orientalis (C. amabilis) Butk. Et Majlun, which grow mainly in Namangan (Kasan-Sai),
Ferghana (Fedchenko-Gorchakovo) areas [1]. Crambe kotschyana Boiss. - Krambe Kochi
(Qatron) - a perennial endemic forage plant, growing 2.5 meters in height. Habitat and
distribution at the outcrops of variegated colored rocks, along gravelly and fine-grained slopes of
the lower and middle mountain belts in Uzbekistan (Tashkent, Andijan, Fergana, Samarkand,
Kashkadarya and Surkhandarya regions; Karakalpak Autonomous Regions), Central Asia, Iran,
Afghanistan, Western Tibet.

According to the literature, the fruits contain vegetable oil to 17.5%, seeds - from 30.0 to
38.0%. In the aerial part identified coumarins, vitamin C, B-carotene. The seeds in Central Asian
folk medicine are used in catarrh of the upper respiratory tract. The roots and stems are edible
and are used by the local population for food, as well as for animal feed. In the roots the presence
of carbohydrates: starch, disaccharides and monosaccharides. Some species of Crambe in
Uzbekistan are introduced, the reaches yield 16-20 c/ha of dry mass [2]. The aerial part of C.
kotschyana, collected in April 2009 in the Jizzakh region were studied. The content of alkaloids
in the aerial part is 0.2% [3].

The C. kotschyana Boiss. herb is the source for the preparation of a crambinine drug of an
antithyroid action. The sum of alkaloids contains alkaloids of goitrin and goitridine [4].

Extraction of biologically active substances is the main stage of processing the medicinal
raw materials plant and animal origin [5].

In pharmaceutical technology water, organic solvents and their mixtures, as well as



aqueous solutions of acids and alkalis are used as selective solvents in during extraction [6].

The efficiency of the extraction process depends on many factors, the main of which are:
hydrodynamic conditions, the interface, the difference in concentration, the duration of the
process, the viscosity of the extractant, and the temperature. Therefore, the study of the
extraction of biological active substances from plant materials is the determining factor in the
technological process.

To develop the technology of extract of plant raw materials, it is necessary to select the
optimal extraction conditions.

The aim of this work is optimization of the extraction process for the production of
Krambinin from the aerial part of Crambe kotschyana.

To optimize the extraction process, the method of mathematical experiment planning,
which has a wide application in pharmacy [7], was used.

Experimental. However, it is known that the extraction of natural compounds depends on
many factors, each of them has a greater or lesser effect on the yield of the final product.

The studies were carried out on the basis of one-factor experiments to collect a priori
information, i.e. in each experiment the parameters of only one of the factors affecting the
process were changed, the others remained unchanged.

Therefore, to evaluate the extent of their effect on extraction, as well as to determine the
conditions for the maximum yield of the sum of alkaloids from the aerial part of the plant, we
applied the method of mathematical planning for the Box-Wilson experiment.

The optimization parameter was the yield of the sum of alkaloids at the first contact of the
phases. In all experiments, the amount of raw material and the method of isolation were
identical. In the experiments 0.5 kg of air-dry raw material was used in static conditions.

To determine the maximum yield of extractive substances and alkaloids, it is necessary to
select the optimal extractant. As an extractant, ethyl alcohol of various concentrations (60, 70,
80%) was used. The extract was obtained by percolation.

The variable factors affecting the yield of alkaloids were: concentration of extractant,
degree of grinding of raw materials, duration of extraction and infusion temperature. To find the
optimal values of variable factors, the method of mathematical experiment planning was used.

Based on the theoretical principles of extraction, under the following equilibrium
conditions, the following restrictions on the levels of variable factors were introduced: the
extractant concentration (X;) from 60 to 80; degree of crushing of raw materials (x,) from 3 to 7
mm; duration of extraction .000000 (x3) from 3 to 9 hours; extraction temperature (x4) from 20 to
60 °C. On the basis of a priori information (in this case, the results of one-factor experiments),

the factors most influencing the extraction were chosen and established for them the following



basic levels and variation intervals (Table 1).

Table 1
Factors and variation intervals
Factors Variation levels variation Unit of
Low Middle Upper intervals measurement
X; 60 70 80 10 %
X5 3 5 7 2 mm
X3 3 6 9 3 h
X4 20 40 60 20 °C

There are two levels of four factors, i.e. complete factor experiment of type 2*. We used a
fractional replica 2, replicas from the full factorial experiment 2* with the use of planning type
21 with generating relations Xy = X;*Xo.

The experimental planning matrix and the obtained results are shown in Table 2. Each of
the eight experiments was performed in accordance with the matrices formed, using the selected
levels of each factor encoded in the matrix by the signs "+" or "-" (respectively, upper and lower
levels of variation).

The results of the experiments are presented in the form of a regression equation:

Y=by+b1x1+bsxs+tbsx3+bsxs
The by, by, by, bs, bs, are the regression coefficients of the incomplete quadratic equation.

Using the formula the values of the regression coefficients were calculated:

bo=4,38; b1=7,35; b= 0,76; bs=4,46; by=2,42;

Substituting the calculated values of the "b" coefficients in the equation, we obtained the
following first-order regression equation: Y = 4,38+ 7,35 X; +0,76 X, +4,46 X5 +2,42 X4

To ensure the correctness of the experiment, the adequacy of the obtained model, statistical

processing of the data was carried out.

Table 2
Experimental Design Matrix and Results

Ne exp. Factor code ) 5

XN 1T 3G | XX Y Y, Y aver AY1 AY;

1 + + + + + 55,1 54,9 55 0,10 0,01
2 + + - + - 24,5 24,1 24,3 0,20 0,04
3 + - + + - 29,1 26,3 27,7 1,40 1,96
4 + - - + + 26,2 22,9 24,5 1,65 2,72
5 + + + - + 46,8 36,5 41,6 5,15 26,5
6 + + - - - 25,3 24,9 25,1 0,20 0,04
7 + - + - - 36,6 30,5 33,5 3,05 9,30
8 + - - - + 29,6 20,7 25,1 4.45 19,80

A dispersion calculated by the formula use to determine the variation of the values of




repeated experiments:
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Y, — result of individual experiment, Y, — arithmetic mean; (n — 1) — the number of degrees of
freedom equal to the number of repeated experiments minus one.

The homogeneity of the dispersion was calculated by the Cochran test:
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The result obtained corresponds to the conditions of the formula. The dispersion is
homogeneous.

To verify the adequacy of the model obtained, a dispersion of adequacy was first

determined.
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The adequacy of the model was checked by the Fisher criterion:
S2, In this case
Fo,=—5= 2,42 Fiup (2.8) =45 Fexp < Fiap; 2,42 < 4,5
y CIIeIOBaTEIbHO, MOJICTh aJICKBaTHA.

To check the significance of the regression coefficients, a dispersion of the regression

coefficients was found:

)

S — 2 =
Sti =§y= 1,88 Sy = +S2 =137

Confidence interval is determined: Ab; =t Sy; (Ab;= 0,045).

t - is the table value of the Student's test for the number of degrees of freedom with which
Sy2 was determined at the selected significance level (Atkp = 3,182);

Ski — quadratic error of the regression coefficient.

The coefficient is significant if its absolute value is greater than the confidence interval.
According to the quantitative contribution, the factors were arranged in the following order:

X1>X5> X X



Table 3

The significance of the coefficients

b; —value sign Ab; —value Results
32,12 > 4,371 The coefficient is significant.
4,38 > 4,371 The coefficient is significant.
7,35 > 4,371 The coefficient is significant.
0,76 < 4,371 The coefficient is not significant.
4,46 > 4,371 The coefficient is significant.
2,42 < 4,371 The coefficient is not significant.

As can be seen from Table. 3, the factors X;, X,, X3 were significant, which is quite
understandable.

Conclusion. One of the tasks of optimization of extraction by the method of mathematical
planning of the experiment is to quantify the contribution of each of the selected factors to the
extraction result. According to the quantitative contribution, the factors are arranged in the
following order: : X;>X3>Xs>Xj.

The yield is 54.9%, which is quite acceptable for the first contact of the phases. From the
regression coefficients of the equation, after calculating the confidence interval (Ay; = 4,371), it
was established that the main factors affecting the process include the degree of milling of raw
materials, the concentration of alcohol and the duration of extraction. Statistical analysis (Fex=
2.42 <Fyp = 4.5) showed that the mathematical model is adequate.

A steep ascent was not carried out, as a further increase in temperature adversely affected
the quality of the amount of alkaloids, and also led to additional costs in obtaining the target
product.

At Department of Pharmacology and Toxicology of the Institute of Chemistry of the Plant
Substances of the Academy of Sciences of the Republic of Uzbekistan on the model of
experimental thyrotoxicosis in rats the antithyroid activity of the sum alkaloids of C. kotschyana
was studied and determined. The revealed activity is expressed in the normalization of the
condition and behavior of the experimental animals, as well as in the leveling of thyroid
hormone levels in the serum and is confirmed by morphological analysis data were established.

Recovery of cell and tissue structural organization of the thyroid in experimental animals
when administered amount C. kotschyana sum of alkaloids were shown. This served as an
incentive for the development on its basis of a drug for use in endocrinological practice in the
treatment of patients with manifestations of thyrotoxicosis [8]. The patent of the Republic of

Uzbekistan No. IAP 01.17.2012 was received on "Anti-thyroid agent" [9].
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Jist pa3paOOTKU TEXHOJOTMYECKOW CXEMbI MONyY4eHHUs CYOCTAHIIMHM MPEINoIaraeMoro
JIEKapCTBEHHOTO  CpPEACTBa, HA3BAHHOTO YCJIOBHO KpaMOMHUH C TIOMOIIbIO  METO/a
MaTEMaTUYECKOro IJIaHUPOBAHUS SKCIIEPUMEHTa M0 BokCcy-YuinbCcoHy HaleHbl ONTHUMAIbHBIC
YCIIOBUSL TpoOLlecca 3KCTPAKIMHU: 3TO 3KCTPAKLIUA H3MEIbYEHHOTO PACTUTEIBHOTO CHIPbS C
pazmepamu  4yactuly S5 MM 80%-HbIM OSTWIOBBIM cnupToM npu Temmneparype 20°C,
MPOAOJKUATENIBHOCTD dKCTpakuu 6 4. [Ipu 3TOM BBIXOJI CyMMBI ajJKaJIOUI0B cocTaBui 95% ot
COJIEpXaHUs B ChIPbE.

KiroueBble cj10Ba: roUTpUH, TOUTPUINH, aTKATOUIbI, SKCTPAKIMS, TEXHOJIOTHS, MTPOLIECC
ontuMmm3anuu, Metos1 bokca—Yunscona, Crambe kotschyana.
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JKAPAEHUHU MATEMATHUK PEXAJAIITHPAIL

V3P ®A akaz. C. O. FOnycoB HOMuaaru Venmmnk MoJanapy KUMECH HHCTUTYTH,
TomkeHT 11., Mupzo Yiyroek ky4a. 77, tem: +998 71 262 59 13 e-mail: botiroovr(@mail.ru
KpamOuHuH 1opu BOCHTACHMHHM aXpaTHO OJMII TEXHOJOTHSCMHHU HILIA0 YMKHII Y4yH
OKCTPAKIUS >KapaHUHU ONTUMAN MIAPOUTIAPUHHM VpPraHUIINa, TaKpuOaTapHU MaTeMaTHK
peXajalTupuIl ycynuaal goigananuinad. byHna spuTyBUMHUHT KoHUeHTpauusicu 80%, xom
AMIEHUHT MaWJAIUK Japakacl 5 MM, dKCTpaKius xkapaéHuHu Oopuiu 6 coar Ba xapopat 20°C
OynraHaa anKaJIOUTAPHN YUKUAIIN 95% TaIIKuI STUITN aHUKJIAHTH.
Kamut cy3nap: Crambe kotschyana, TOUTpUH, TOUTPUINH ANKAJIOUUIAP, IKCTPAKIUS,
TEXHOJIOTHS, kapaH, oNTHUMall, OOCKWY, YCUMIIMK, XOM ai€, MaTeMaTUK pexalallTHpHIL,
b3okc-Yunbecon ycyinu.




