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EXPERIMENTAL RESEARCH ON DEVELOPMENT AND VALIDATION OF METHODS
OF QUANTITATIVE DETERMINATION OF FLAVONOIDS AND ESSENTIAL OIL IN
SOLID MULTI-COMPONENT CAPSULES "UROHOLUM"

O. Shmalko, N. Bevz, 1. Vyshnevskyy, L. Vyshnevska

Mema. Po3pobka i sanioayis Memooux KilbKiCHO20 8U3HAYEHHs (asoHoidie ma e®ipHoi onlii 6 meepoux baza-
MOKOMNOHEHMHUX KANCYAAX, NPUSHAYEHUX 0I5l 3ACTOCYBAHHSL 8 YPOJIO2IL.

Memoou. /[ns KinbKiCHO20 6u3HaAYeHHs CyMU QagoH0I0I8 OY10 po3pobieHo ma 6ani008aHO CREKMpPopomomen-
PUYHY MEMOOUKY 3 GUKOpUcmantam cnekmpogomomempa Evolution 60 s ¢pipmu Thermo Fisher Scientific, USA,
3 Memoro 8uU3Ha4eHHs eipHoi onii — memoo epagimempii.

Pesynomamu. YV pesynomami npogedeno2o 00cniodicenHs 6y10 po3pooieHo cnocib KilbKiCHO20 BU3HAYEHHS CYMU
peuosut hrasoHoiOHOT 60061 CyMAPHO20 imoekcmpakmy y CKaadi 20mo8020 NiKAPCbKo2o 3acoby y euenadi
Kancyn cnekmpopomomempuynum mMemooom i cymu eipnux onitl nicist nonepeonbo20 Gi020HY 3 800SIHOIO NA-
POIO | eKCMpazys8antsi OPeaHiYHUM POZYUHHUKOM Memodom epagimempii. Cnekmpogomomempuune KilbKiche
BUBHAYEHHSI PeHOBUH (DIABOHOIOHOT 6Y006U NPOBOOUNU NICISL PEAKYTl KOMNIEKCOYMBOPEHHSL 3 COJIIMU AIOMIHIIO
(II1) 6 oymosokuciomy cepedosuwyi npu anarimuyniu 00edxcuni xeuni 410 um. Pospaxynox emicmy 6ionociuno
AKMUBHUX PEYOBUH NPOBOOUTU MEMOOOM CIAHOAPMY, 8 AKOCMI KOMPO20 BUKOPUCIOBYBALU PYMUH. J{1s1 Memo-
OUK KIIbKICHO20 GU3HAYEHHS CYMU PEY0BUH (DIasoHOIOHOT 6y006u i ehipHux Onitl OYIU 6UHeHl MAKi 8ani0ayititi
napamempu sk cneyu@iynicme, HiHitiHicMy, § RPeyusitiHicme.

Bucnoexu. Pospobneno ma 6anioosano 00CmynHi Memoouku KilbKiCHO20 8U3HAYEHHs cyMu DIONIO2IYHO aKmus-
HUX PEYOBUH CYX020 OA2amOKOMNOHEHMHO20 eKCMPAKMY POCIUHHO20 NOXOO0JICEHHs Yy meepoux kancynax. Bu-
8ueHi 8anioayitini napamempu i0N08iOAOMs KpUmepiam NPUUHAMHOCHI

Knrouosi cnosa: cmanoapmusayis, 6a2amokoMnOHeHMHULL CKIA0, CYXUll eKCmpakm, chekmpogomomempis, 8a-

nioayis, meepdi Kancyiu
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1. Introduction

Drugs derived from medicinal herbal raw materi-
als have a polytropic pharmacological effect at low tox-
icity, an important reserve for improving the therapy of
kidney disease, which often occur chronically [1, 2]. The
polytropic nature of herbal remedies often eliminates
complications from other organs and systems, normalizes
the general condition of the patient, can increase the
effectiveness of treatment of acute inflammatory diseases
of the kidneys and urinary tract, provide primary preven-
tion of chronic kidney diseases, slow their progression,
and reduce harmful effects. Phytopreparations in the
treatment of kidney disease can prevent their chronicity
[3, 4].

Considering certain inconveniences at preparation
of herbal remedies at home (complexity of obtaining
standard concentration, storage of finished extracts, non-
guarantee of safety of purchased medicinal plants),
which reduce the addiction of patients to long-term
treatment, in modern clinical practice rational use of
ready-to-use herbal remedies with , standardized for the
main active substances [5-7].

Drops "Uroholum" is a multicomponent prepara-
tion of plant origin, the active substances of which is the
BAS of such medicinal herbal raw materials: mint pepper
and Java tea leaves; hop stems; wild carrot seeds; birch
buds; corn columns with receptacles; elder flowers;

common horsetail, knotgrass and St John's wort herbs
extracted with ethanol 40 % [6-8].

One of our aim was to research on pharmaceutical
development in capsule creation, without changing the
quality of the composition compared with the "Uro-
holum" drops, to determine the critical indicators of the
quality of the medicinal substance and excipients that are
crucial for the process of its manufacture.

2. Planning (methodology) of research

Within the framework of pharmaceutical devel-
opment, the task was to develop a drug in form of cap-
sules.

On the pharmaceutical market of Ukraine are pre-
sented “Uroholum” drops, obtained by extraction of
medicinal plant material with 40 % ethanol.

The composition of the “Uroholum” oral drops,
based on multicomponent liquid extract (1: 1): Dauci
carotae fructus, Orthosiphonis staminei folia, Polygoni
avicularis herba, Zeae maydis styli cum stigmatis, Sam-
buci nigrae flores, Equisulieemlosemba herba, herb,
Menthae piperitae folia.

The composition of a multicomponent preparation
in a dosage form, where the active substance - liquid
extract (1:1) Urocholum was substantiated and developed
by previous studies [3]. It was established that the medic-
inal plant raw materials included in the combined phyto-
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composition, mainly contains substances of flavonoid
structure and essential oils. The problem of quantifying
the biologically active substances of the total dry extract
to further standardize the finished drug in the form of
capsules remained unresolved.

3. Materials and methods

An experimental batch of hard gelatine capsules
containing dry extract “Uroholum” and excipients was
selected as the object of study.

Reagents, solvents, and measuring vessels that
meet the requirements of SPhU were used for analytical
studies. Evolution 60 s spectrophotometer (Thermo Fish-
er Scientific, USA), and Axis analytical scales (SARTO-
RIUS, Poland) was used for analytical studies. To quantify
the amount of flavonoids in the obtained dry extract "Uro-
holum" we used the method of absorption spectrophotom-
etry in the visible area using a spectrophotometer [10].

Method of quantitative determination of the sum
of flavonoids.

Test solution: the contents of the capsule equiva-
lent to 50 mg of the dry extract are placed in a 25.0 ml
volumetric flask, 2.0 ml of water P is added, shaken,
volume is adjusted with ethanol (70 % v / v) P and stirred
(original solution).

5.0 ml of the original solution is placed in a
25.0 ml volumetric flask, add 2 ml of aluminum chloride
reagent P, and brought 5 % glacial acetic acid solution in
ethanol (70 %) P to the label and mix.

Comparison solution: 0.050 g of rutin standard
sample (SS) rutin (PSS SPhU, cat. No. R0366) was dis-
solved in 50 ml of 96 % ethanol when heated in a water
bath, cooled and the volume of the solution is adjusted to
100.0 ml with the same solvent. To 1.0 ml of the result-
ing solution was added 2.0 ml of aluminum chloride
reagent P and bring the volume of the solution to a solu-
tion of 5 % acetic glacial acid in ethanol P to 25.0 ml.

Compensation solution: 5.0 ml of the original so-
lution was placed in a 25.0 ml volumetric flask, adjusted
with 5 % glacial acetic acid in ethanol (70 %) P to the
mark and stirred.

After 30 min, measure the optical density of the
test solution and the comparison solution at a wavelength
of 410 nm relative to the compensation solutions.

The content of flavonoids, in milligrams (x) in
terms of rutin and dry extract, was calculated by the
formula:

L Asm, VY, V- %C3:100-100
A -m-V,-V,-V,-100-(100—%,, )

>

where A — the optical density of the test solution;
Ay — the optical density of the rutin SS solution;
my — mass of rutin SS sample, r; m — the weight of the
sample content of the capsules; Vi, V,, V3, Vg4, Vs, V-
dilution volumes of the test solution and comparison
solution, ml.

The content of flavonoids in the preparation, in
milligrams, in terms of rutin and water content, should be
at least 1.5 mg per average weight of capsule content.
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Method of quantitative determination of essential
oil. The contents of the capsule mass, equivalent to 2.000 g
of dry extract, quantitatively transfer 50 ml of 20 % etha-
nol P into a 250 ml round bottom flask and distil, using a
refrigerator, into a separating funnel, which was pre-
labelled with 25 ml.

The distillation was stopped when the distillate
level reaches 25 ml. A sufficient amount of sodium
chloride P was dissolved in the distillate to obtain a
saturated solution. The system is disconnected and after
cooling, the refrigerator was rinsed with 10 ml of petro-
leum ether P, which is combined with the contents of
the separating funnel. The contents of the separating
funnel are shaken with 3 portions, 20 ml each, of petro-
leum ether R. The combined layers of the organic sol-
vent were filtered through a paper filter of 6 g of anhy-
drous sodium sulphate P into a pre-weighed beaker.
Sodium sulphate was washed with 10 ml of petroleum
ether P, which was added to the extract. The solvent was
removed at a temperature not higher than 40 °C. The
residue was dried in a desiccator over phosphorus (V)
oxide P and paraffin at room temperature for 3 h and
weighed.

The content of essential oil in capsules (x), in
milligrams, calculated on the average weight of the
capsule, was calculated by the formula:

P (m, —ml)-mcep -1000
= - ,

where m — mass of sample of drug, r; m; — the mass of
an empty weighting cup, r; m, — the mass of the flask
with essential oil, T; m, — the average weight of the
capsule, g.

The content of the essential oil in the preparation
should be at least 0.05 mg, based on the average weight
of the capsule content.

4. Results of the research

To carry out experimental studies on the devel-
opment of methods for the quantitative analysis of the
main active substances of a multicomponent total plant
extract that is part of the capsules, we have made model
samples.

In appearance, the investigated dosage form is a
hard gelatine capsule with a straw case and a dark green
cap. Capsule content is a powder from light brown to
brown with small particles ranging from light to dark in
colour.

To quantify the amount of flavonoids, a spectro-
photometric technique was used, based on the reaction of
the formation of complex compounds of polyphenols
with aluminum chloride [9].

The absorption spectrum of the test solution of the
dry extract in 70 % ethanol after reaction with a solution
of aluminum chloride in the medium of acetate acid at
the position of the maximum absorption and in the course
of the absorption curve coincides with the maximum
absorption of the standard solution of rutin obtained
under the same conditions.
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Fig. 1. Absorption spectra of the test solution (A) and rutin standard sample (B) after reaction with aluminum chloride

The quantitative content of the sum of the sub-
stances of the flavonoid structure in the dry extract was
performed by absorption spectrophotometry at a wave-
length of 410 nm. The most common approach to the
quantitative analysis of total herbal preparations is the
quantitative control of the conditional concentrations of
the active substances, which was carried out in terms of
the target compound, for which we have chosen a rutin.
For further application of the methodology in the analy-
sis of the finished medicinal product, such validation
characteristics as specificity, linearity and precision were
studied.

To study the validation characteristics of the
method for quantifying the sum of substances of the
flavonoid structure, we used the approach to validate the
total herbal preparations, described in the literature [11].
The specificity of this analytical procedure was per-
formed by comparing the position of the absorption max-
ima and the intensity of the optical density of the test
solution and the comparison solution when determined
by spectrophotometric method after reaction with a solu-
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tion of aluminum chloride. Placebo solutions (all capsules
excipients) were prepared; model mixture (extract dry with
all the excipients of the capsules); of the dry extract ac-
cording to the above procedure and the absorption spectra
of the obtained solutions were recorded (Fig. 2).

The placebo effect was found to be 0.86 %, so the
capsule excipients had little effect on the quantification
results. The deviations are insignificant, that is, the speci-
ficity of the methodology was confirmed.

The selectivity of the spectrophotometric analysis
of the biologically active substances of the extract was
ensured by the use of a group reagent for substances of
flavonoid nature (aluminum chloride solution) for isola-
tion of the analytical signal.

When determining linearity, measurements of op-
tical density (three times for each solution with the re-
moval of the cuvette) routine SS solution in a concentra-
tion of from 80 % to 120 % of the selected. In relation to
the average values of the optical density for each of the 9
solutions to the selected concentration, a calibration
graph of dependence was constructed (Fig. 3).

=~ Dry extract
Model mix
Rutin
\ Placebo
440 460 A, nm

Fig. 2. Absorption spectra after reaction with aluminum chloride solution
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Fig. 3. Calibration graph of optical density versus rutin concentration after complexation reaction
with aluminum chloride

The optical density of the obtained model solu-
tions was determined on a spectrophotometer at a wave-
length of 410 nm in a cuvet with a layer thickness of
10 mm (the results are shown in Table 1 and Fig. 4).
There is a linear relationship between the concentration

of the sum of substances of the flavonoid structure of the
total dry phytoextract in capsules and optical density
with a correlation coefficient of 0.9999 (< 0.9995), the
angular coefficient of linear dependence (b) is equal to
0.9971, free member of linear dependence (a) 1.59<5.10.

Table 1
The results of determining the optical density of model solutions
% from work concentration Weight of sample extract, g Optical density
80 0.0401 0.094
85 0.0425 0.099
90 0.0451 0.105
95 0.0475 0.111
100 0.0501 0.117
105 0.0525 0.122
110 0.0551 0.129
115 0.0575 0.134
120 0.0601 0.139
Mean=100.42 % RSD=0.78 %
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Fig. 4. Calibration graph of optical density versus flavonoid content in a capsule mixture after complexing reaction with
aluminum chloride
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Precision studies were performed on nine deter-
minations in the concentration range from 80 to 120 %
according to the chosen method (Tab. 1). The obtained
results (Table 2) showed that the method is precise, since
the value of the relative confidence interval is less than
the critical value for the convergence of results:

A %=0.41<2.60 and the criterion of insignificance of
systematic error 6=0.32 is fulfilled.

The results of experimental studies of 6 series
of the drug "Uroholum, capsules" and metrological
characteristics of the average result are shown in
Table 3.

Table 2
Results of the study of the precision of the method of quantitative determination of flavonoids
Parameters Value Criterion 1 Criterion 2 Conclusion
Precision AZ 0.78 <2.60
Table 3

Metrological characteristics of the average result of quantitative determination of the amount of flavonoids in capsules,
in terms of rutin

Series The cogtent of g2 S S Ax AF z.% %
No. flavonoids, mg :
1 1.49
2 1.45
3 1.69
) 155 0.0074 0.0862 0.0352 0.0709 0.0289 1.87 4.59
5 1.50
6 1.59

The control of the content of essential oils is ob-
ligatory for the vegetable raw materials containing them.
For proper standardization, quality control techniques
must be validated.

Study of the validation characteristics of the
method of quantitative determination of essential oils.
The specificity of the gravimetric analytical procedure was
proved by determining the mass of the weight form: solvent;
placebo (all capsules excipients); model mixture (dry extract
with all the excipients of the capsules); the test extract.

Research has shown that neither the solvent, nor
the placebo, nor the excipients of the capsules, affect the
results of the quantitative determination of the essential
oil. The placebo effect was 6=0.02 % < max 5=1.02 %.
Therefore, the deviations are insignificant and therefore
the specificity of the technique was confirmed.

The eligibility criterion is a linear relationship be-
tween the concentration of the essential oils in the cap-

sules and the mass of the weight form with a correlation
coefficient of not less than 0.9924.

The results of the studies are given in Table 4 and
Fig. 9 and showed that the method is linear, since the
magnitude of the correlation coefficient (r) is
0.9995>0.99957, the angular coefficient of linear de-
pendence (b) is 0.9538, the free term of linear depend-
ence (a) is 4.55<5.10.

Precision studies were performed on nine de-
terminations in the concentration range of 80 to 120 %
according to the method chosen. The obtained results
(Table 4 and 5) show that the method is precise be-
cause the value of the relative confidence interval is
less than the critical value for the convergence of re-
sults: A %=1.43<2.60 and the criterion of insignifi-
cance of systematic error 8=0.02 is fulfilled.

The results of experimental studies of 6 series
of the drug "Uroholum, capsules" are given in Table 6.

Table 4

The results of the study of the dependence of the concentration of essential
oil in the capsule by weight of the form

% from working concentration Weight of the capsule mass, g Weight of the form, mg
80 1.6001 1.71
85 1.7003 1.80
90 1.7992 1.90
95 1.9004 2.02
100 2.0002 2.11
105 2.1003 2.20
110 2.2008 232
115 2.3006 242
120 2.3997 2.50
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Fig. 9. Calibration graph of the concentration of essential oils in the capsule by weight of the form

Table 5

Results of the study of precision and correctness of the method of quantitative determination of essential oil

Parameters Value

Criterion 1

Criterion 2 Conclusion

AZ 1.43

Precision |

<2.60

Table 6

Metrological characteristics of the result of quantitative determination of the amount of essential oil in capsules

Series Content' of essential g2 S s Ax AT z.% £.%
No. oil, mg ¥
1 0.0687
2 0.0552
3 0.0606
4 0.0551 0.00003 0.0055 0.0022 0.0111 0.0045 7.37 18.05
5 0.0628
6 0.0655

5. Discussion of the results

It is proposed to standardize the dry total phytoex-
tract in capsules by the sum of substances of flavonoid
structure and the sum of essential oils. When studying
the validation characteristics of the spectrophotometric
quantitative determination of the amount of flavonoids in
terms of rutin, it was found that the effect of background
absorption is negligible §,,i.=0.86 %<max 6=1.02 %, the
linear dependence of the amount of flavonoids in terms
of rutin in the concentration range of the total dry extract
in capsules is observed from 80 to 120 %, since the value
of the correlation coefficient (r) is 0.9999 > 0.9995. The
technique is precise because the relative confidence in-
terval is less than the critical value for the convergence
of results: A %=0.41<2.60.

We studied the validation characteristics of the
gravimetric method of quantitative determination of the
sum of essential oils - linearity (correlation coefficient (r)
is 0.9995>0.9995), precision (A %=1.43<2.60), testify to
the correctness of the method.

Study limitations. The multicomponent nature of
the studied phytoextract and, at the same time, the limita-
tions of quantitative determination methods in standardi-
zation of products with plant components (the presence
of various biologically active substances in each medici-
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nal product leads to the same number of quality control
procedures) leads to the determination of the sum of the
basic BAS that are responsible for the pharmacological
action of the proposed dosage form.

Prospects for further research. The results of
studies have shown that sensitive and specific methods
for quantifying the amount of biologically active com-
pounds of dry multicomponent phytoextract in capsule
formulation have been developed. Since the total extract
includes 10 medicinal plants, further methods of analysis
will also be applied in the future.

6. Conclusions

Available and validated methods for the quantita-
tive determination of the amount of biologically active
substances of a dry multicomponent herbal extract in
solid capsules have been developed and validated. The
determination of the quantitative content of dry total
phytoextract in capsules by the sum of substances of
flavonoid structure by the method of absorption spectro-
photometry and the sum of essential oils were substanti-
ated, for the quantitative estimation of which we used the
method of gravimetry. Validation characteristics, such as
specificity, linearity, and precision were studied, and
they meet the eligibility criteria.




Scientific Journal «ScienceRise: Pharmaceutical Science» No6 (22)2019

References
1. Shcherbak, Y. B. (2012). Sovremennaia fytoprofylaktyka mochekamennoi bolezny. Ukrainskyi medychnyi chasopys, 5,
84-85.
2. Vyshnevska, M. S. (2010). Doslidzhennia spetsyfichnoi aktyvnosti skladnykh krapel urokhol. Klinichna farmatsiia, 14 (3),
66-68.

3. Vyshnevska, M. S., Kosiachenko, N. M., Vyshnevska, L. 1. (2011). Prohnoz spektra biolohichnoi aktyvnosti spoluk yak
osnova dlia poshuku novykh likiv. Zaporozhskyi medytsynskyi zhurnal, 13 (2), 53-57.

4. Cetojevi¢-Simin, D. D., Canadanovié-Brunet, J. M., Bogdanovi¢, G. M., Djilas, S. M., Cetkovi¢, G. S., Tumbas, V. T.,
Stojiljkovi¢, B. T. (2010). Antioxidative and Antiproliferative Activities of Different Horsetail (Equisetum arvense L.) Extracts.
Journal of Medicinal Food, 13 (2), 452—459. doi: http://doi.org/10.1089/jmf.2008.0159

5. Alshawsh, M. A., Abdulla, M. A., Ismail, S., Amin, Z. A., Qader, S. W., Hadi, H. A., Harmal, N. S. (2012). Free Radical
Scavenging, Antimicrobial and Immunomodulatory Activities of Orthosiphon stamineus. Molecules, 17 (5), 5385-5395. doi:
http://doi.org/10.3390/molecules17055385

6. Franco, L., Sanchez, C., Bravo, R., Rodriguez, A., Barriga, C., Juanez, J. (2012). The sedative effects of hops(Humulus lu-
pulus), a component of beer, on the activity/rest rhythm. Acta Physiologica Hungarica, 99 (2), 133-139. doi:
http://doi.org/10.1556/aphysiol.99.2012.2.6

7. Hasanudin, K., Hashim, P., Mustafa, S. (2012). Corn Silk (Stigma Maydis) in Healthcare: A Phytochemical and Pharmaco-
logical Review. Molecules, 17 (8), 9697-9715. doi: http://doi.org/10.3390/molecules17089697

8. Taher, Y. A. (2012). Antinociceptive activity ofMentha piperitaleaf aqueous extract in mice. Libyan Journal of Medicine, 7
(1), 16205. doi: http://doi.org/10.3402/1jm.v7i0.16205

9. P¢kal, A., Pyrzynska, K. (2014). Evaluation of Aluminium Complexation Reaction for Flavonoid Content Assay. Food
Analytical Methods, 7 (9), 1776—1782. doi: http://doi.org/10.1007/s12161-014-9814-x

10. Derzhavna Farmakopeia Ukrainy. T. 1 (2015). Kharkiv: Derzhavne pidpryiemstvo «Ukrainskyi naukovyi farmakopeinyi
tsentr yakosti likarskykh zasobiv», 1128.

11. Grizodub, A. I, Evtifeeva, O. A., Proskurina, K. I. (2012). Osobennosti farmakopeinykh podkhodov k kolichestvennomu
opredeleniiu lekarstvennogo rastitelnogo syria i summarnykh fitopreparatov. Farmakom, 3, 7-30.

Received date 11.11.2019
Accepted date 04.12.2019
Published date 30.12.2019

Oleksandr Shmalko, Department of Pharmacy Drug Technology, National University of Pharmacy, Pushkinska
str., 53, Kharkiv, Ukraine, 61002
E-mail: shmalko.a@gmail.com

Nataliia Bevz, PhD, Associate Professor, Department of Pharmaceutical Chemistry, National University of
Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002
E-mail: natali.bevz.60@gmail.com

Igor Vyshnevskyy, PhD, general director, Farmatsevtycheskaya Fabryka, Ooo Dkp, Koroleva str., 4, Stanishiv-
ka, Zhytomyr Region, 12430

Liliia Vyshnevska, Doctor of Pharmaceutical Sciences, Professor, Department of Pharmacy Drug Technology,
National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002
E-mail: lilitavyshnevska@gmail.com

49






