VISNIK FARMACII 1 (97) 2019 ISSN 2415-8844 (Online) 5

CUHTE3 TA AHATI3 BIONOIrN4YHO AKTMBHUX PEHOBWH

UDC 615.454.1: 615.262.1 https://doi.org/10.24959/nph;.19.2240

I. M. Grubnik, Ye. V. Gladukh, N. Yu. Bevz, V. V. Grinenko

National University of Pharmacy, Ukraine

Development of quality control methods of active ingredients
of the gel with the venotonic action

Aim. To develop quality control methods of biologically active substances of liquid extracts from Aesculus hip-
pocastanum seeds and Delphinium elatum roots, which are the main components of the new dosage form in the form
of the gel with the venotonic action.

Materials and methods. Identification of the main biologically active substances of plant extracts was carried
out by chemical reactions and thin layer chromatography in the solvent system of chloroform — glacial acetic acid —
methanol — water (15 : 8 : 3 : 2) using standard samples of escin and allantoin as reference samples. Detection of
chromatograms was performed by treating with phosphatotungstic acid solution. The quantitative determination was
carried out by absorption spectrophotometry in the visible range. Calculation of the quantitative content was performed
by the standard method.

Results and discussion. By chemical reactions biologically active substances of polyphenolic structure were
found in the gel studied. The presence of escin and allantoin in the gel composition was confirmed by the method of
thin layer chromatography compared to standard samples. The quantitative determination of the amount of triterpene
saponins calculated with reference to escin was performed by spectrophotometry in the visible range, and it was from
32 mg to 42 mg in the gel.

Conclusions. The results obtained when performing chemical reactions, the method of thin-layer chromatogra-
phy and the quantitative determination by absorption spectrophotometry allow recommending the dosage form studied
for standardization by the amount of triterpene saponins calculated with reference to escin.

Key words: gel; liquid extract from Aesculus hippocastanum seeds; liquid extract from Delphinium elatum roots;
quality control methods

I. M. Ipy6GHuk, €. B. Magayx, H. l0. beBs, B. B. 'puHeHko
HauioHanbHun bapmaLeBTuYHMI YHIBEpCUTET, YKpaiHa
Po3po6ka MmeToaMK KOHTPOJK AKOCTi AiloYMX IHFPeAi€HTIB refito BEHOTOHI3YH4OI Ail

Meta po6oTu. Po3pobka MeToamk KOHTPOIO SKOCTi GiONOriYHO akTUBHMX PEYOBWH PIAKMX EKCTPAKTIB HACIHHS MipKo-
KaluTaHy i KOPEHIB XXMBOKOCTY — OCHOBHWX CKIagoBUX HOBOI NiKapCbkoi (hOpMM y BUIMAAI rento BEHOTOHI3YHOYOI Ail.

MaTtepianu Ta metoam. |geHTMdikauilo OCHOBHMX BIONOrYHO aKTUBHUX PEYOBUH POCIIMHHMX EKCTPaKTiB MpoBO-
Ounn XiMiYHUMK peakuigMy i METOAOM TOHKOLLapOoBOI Xpomartorpadii B CUCTEMi PO3YMHHUKIB XNOPOOpPM — OLTOBA
Kucnota nbofasiHa — metaHon —eoga (15 : 8 : 3 : 2), BUKOPUCTOBYOUM SIK 3pa3ku nopiBHAHHA C3 ecumHy i C3 anaHToiHYy.
[leTekTyBaHHsi XxpoMaTorpam 3aiicHioBanu o6pobkoto po3dmHoM hocdopHOoBONbdpPamoBoi kKucroTu. KinbkicHe BU3Ha-
YeHHS NPOoBOAMIM MeTofoM abcopbuiiHoi cnekTpodOoTOMETPIT y BUAMMIN AinsHUi. Po3paxyHOoK KinbKiCHOro BMICTy
NPOBOAWMN METOAOM CTaHAAPTY.

Pe3ynbrat Ta ix 06roBopeHHsA. XiMiYHNMY peakuisMy BUABINEHO Y OOCNIAKYBaHOMY refi 6ionoriyHo akTMBHI
crnonyku nonigeHonbHoOi 6ygosn. MeTogom TOHKOLLAPOBOI XpoMaTorpadii y NOPIBHSIHHI 3i CTaHAAPTHMMK 3paskamm
niaTBEepOKEHO Y CKNafi rento HasiBHICTb eCUMHY i anaHToiHy. KinbkicHe BM3HaYeHHS CyMU TPUTEPMNEHOBKX CaroHIHIB
y nepepaxyHKy Ha eCuMH NPOBOAUIN METOAOM CNEeKTPOdOTOMETPIi Y BUAUMIN AiNsAHLUI, SKa ckrnagae y reni Big 32 mr
0o 42 mr.

BucHoBku. Pesynsratv, oTpumaHi Npy BUKOHaHHI XiMIYHWX peakLini, MeToAy TOHKOLLAPOBOiI Xxpomarorpadii Ta
KiNbKiICHOrO BU3Ha4YeHHs MeTogom abcopbuinHoi cnekTpooToMETpil, A03BOMNAIOTL PEKOMEHAYBATW CTaHAapTU3aLito
JocnigxysaHoi nikapcbkol hopMu 3a CYyMOK TPUTEPNEHOBMX CaMOHIHIB Y NepepaxyHKy Ha eCLVH.

Krnroyoei crioga: eenb; piOkull eKkcmpakm HaciHHS 2ipKokawmaHy 38u4aliHo20; PiOKuUl eKcmpakm KopeHesuw, 3
KOPEeHSIMU XXUBOKOCMY fiKapCbKo20; MEMOOUKU KOHMPOIIO SKocmi
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Pa3pa60TKa MeTOAUK KOHTPOIA KayvyecTBa ll:lel;‘ICTByI'OLI.WIX MHrpeameHToB rens
BeHOTOHU3Upyrowero aencreus

Llenb pa6oTbl. PazpaboTka MeTOAMK KOHTPONS Ka4ecTBa GMONOrMyYeckn akTMBHbIX BELLECTB XUAKNX IKCTPAKTOB
CEMSsIH KallTaHa KOHCKOro 06bIKHOBEHHOIO U KOPHEWN OKOMHWKa — OCHOBHBLIX COCTaBMSIHOLLMX HOBOW NEKApPCTBEHHOW
¢opMbI B BUAE rens BEHOTOHU3UPYHOLLIErO AeNCTBUS.

Martepuanbi n metoabl. VigeHTudmKaLmo 0OCHOBHbIX BMONOrM4yecky akTMBHBIX BELLECTB PaCTUTENbHbIX SKCTPaK-
TOB MPOBOAMIN XUMUYECKUMW PEaKLUAMU U METOAOM TOHKOCITOMHOM Xpomartorpacduv B CUCTemMe pacTeBopuTenemn
XnopodopmM — KUCnoTa ykcycHas negsHas — metaHon — Boga (15 : 8 : 3 : 2), ncnonb3ys B ka4ectse o6pasLoB cpas-
HeHus C3 acumHa n C3 annaHTouHa. [leTekTnpoBaHMe XxpoMaTorpaMM OCYLLECTBAANM nocrne o6paboTku pacTBOPOM
docchopHoBONbL(pPamMoBoON KUCNOThI. KonnyecTBeHHOE onpeaenexHve NpoBoaunn MetoaoM abcopOLUMOHHONM CNeKTPo-
doTomeTpun B BUAUMOM obnactu. Pac4et Konm4yecTBEHHOrO CoaepXXaHus NpoBOANIM METOAOM CTaHaapTa.

Pesynbratbl U nx ob6cyxaeHne. XuMMYECKMMU peakumsaMy B UCCNeayeMoM rene obHapyxeHbl Bruonormyeckn
aKTUBHbIE COeQUHEHMUS MONNMEHOMNBHOrO CTPOEHUs. MeTogoM TOHKOCNOMHOM XpomaTorpadumn B CPaBHEHUM CO CTaH-
AapTHbIMK 06pasuammn AoKa3aHO HanmymMe acumuHa 1 annaHtTonHa B cocTaBse rens. KonnyectseHHoe onpeferneHve
CYMMbl TPUTEPMNEHOBbIX CAanoHMHOB B NEPECYETE Ha 3CLIMH NPOBOAWUMM METOAOM CNEKTPOPOTOMETPUM B BUOUMOW
obnacTtun, a UX KONM4ecTBO B rene AOrMKHO OblTb OT 32 Mr 4o 42 M.

BbiBoabl. Pe3ynbraThl, Mony4YeHHbIE NMPU BbIMOMHEHUN XMMUYECKNX peakunii, MeToga TOHKOCIOMHOW XpoMaTo-
rpacmm 1 KONMMYECTBEHHOTO ONMpeaeneHnss MeTOAOM abCcopOLMOHHON CNEKTPOOTOMETPUIN NO3BONAT PEKOMEHO-
BaTb CTaHO4APTU3MPOBATb UCCNEeAyeMYHO NieKapCTBEHHYI0 (DOPMyY MO CyMMe TPUTEPMNEHOBbLIX CarnoHUHOB B NepecyeTe
Ha 3CLVH.

Knroyeenle crioga: eenb; XUOKUL 9KCMpaKm CeMsiH KauimaHa KOHCK020 0ObIKHOBEHHO20; XUOKUU 3KCmpakm

KOpHesUW, C KOPHAMU OKOIMHUKa JieKkapCmeeHHO20, MemoOuKu KOHMpOoJsisa ka4ecmea

Introduction. To date, drugs for external use are be-
coming more widespread. Among them a particular place
is occupied by soft dosage forms such as gels, ointments,
creams and others. A special attention among soft dosa-
ge forms should be given to gels that have high rheo-
logical properties, the penetrating ability and ease of use.

It should be noted that the composition of gels in-
cludes both chemical substances and medicinal herbal
products as active pharmaceutical ingredients.

At the Department of Industrial Drugs Technology
of the National University of Pharmacy a new dosage
form in the form of a gel with the marked anti-inflam-
matory, membrane-stabilizing and antithrombotic acti-
vity has been developed [1]. The pharmacological effect
of the dosage form proposed is achieved due to the pre-
sence of two plant extracts — a liquid extract from Aes-
culus hippocastanum seeds and a liquid extract from
Delphinium elatum roots.

For the further use of the dosage form in medical
practice the prerequisite is to develop methods for quali-
ty control of biologically active substances that are part
ofthe gel. From the literature [2, 3] it is known that Sym-
phytum officinale L. contains a complex of compounds,
among them, mainly, the urea derivative — allantoin, al-
kaloids of the pyrolysidine series, polyphenols and poly-
saccharides. Aesculus hippocastanum L. contains a mix-
ture of triterpenic saponins with the general name of escin,
hydroxycumarins, flavonoids, allantoin, amino acids [4].
Escin is used in chronic and venous insufficiency of va-
ricose and post-traumatic genesis and diseases associated
with the functional impairment of the blood supply. Al-
lantoin, in turn, has an effect on the skin regeneration
repair [1].

Materials and methods. The experimental batch of
“Zhivitan” gel, the liquid extract from Aesculus hippo-
castanum seeds, the liquid extract from Delphinium ela-

tum roots, excipients of the gel, allantoin RS (ISP (Swit-
zerland) GmbX, p.14200043484, 99), and escin RS
(batch 661115, manufacturer of JSC “Halychpharm™),
phosphatotungstic acid (batch 20 of 04.2018, manufac-
turer Belarus) were used in the work.

Reagents meeting the requirements of the State Pharma-
copoeia of Ukraine [5], measuring glassware of class A,
an “Asus” analytical balance (Poland), an Evolution 60s
spectrophotometer (USA) were also applied.

Quality control methods were previously developed
on model mixtures for which the extracts studied and
gel excipients were used.

To identify the biologically active substances (BAS)
of plant extracts in the gel composition some chemical
reactions and thin layer chromatography were used.

Method of BAS determination by chemical reac-
tions. Shake 1.0 g of the gel with 70 % ethyl alcohol
when heating on a water bath, then cool and dilute the so-
lution to the volume of 25.0 ml with the same solvent.
Filter the resulting solution and use the filtrate to carry
out chemical reactions.

Reaction on tannins: to 1 ml of the aqueous extract
of the gel studied add iron chloride (III); a green color
of the solution is observed, and gradually a green pre-
cipitate forms.

Reactions on substances of the flavonoid structure:

* to 1 ml of the alcohol extract from the gel studied
add 2-3 drops of potassium hydroxide alcoholic so-
lution; gradually a yellow color forms;

* to 1 ml of the alcohol extract from the gel studied
add 2-3 drops of the concentrated hydrochloric acid
and metallic magnesium powder; gradually a pink
color forms.

Method of BAS determination by thin-layer chro-
matography. Use chromatographic plates “Silica gel 60”
(Merk Company No. 1.05553).
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Test solution. Shake 1.0 g of the gel with 70 % ethyl
alcohol when heating on a water bath, cool and dilute
the solution to the volume of 25.0 ml with the same sol-
vent. Filter the resulting solution.

Reference solution A. Dissolve 0.01 g of escin RS pre-
dried to constant weight at a temperature of 100-105 °C
in 70 % alcohol while heating on a water bath, cool and
dilute the solution to the volume of 10.0 ml with the sa-
me solvent.

Reference solution B. Dissolve 0.01 g of allantoin
RS in the mixture of methanol and water (1 : 1) and di-
lute the solution to the volume of 10.0 ml with the same
mixture of solvents.

On the start line of the chromatographic plate apply
1 cm strips of 10 pl of the test solution and 10 pl (10 pg)
of the reference solution. Dry the plate in air and place
in a chamber with a mixture of solvents: chloroform —
glacial acetic acid — methanol — water (15 : 8 : 3 : 2).
When the solvent front is 14 ¢cm from the start line, re-
move the plate from the chamber, dry in air for 15 min
and spray with the solution of 100 g/1 of phosphatotungs-
tic acid in 96 % alcohol. Keep the plate in a drying cham-
ber at the temperature of 120 °C for 5 min and examine
in daylight. Treat chromatograms with iodine vapors and
examine again in daylight.

On the chromatogram of the test solution the main
spots similar by color should be detected at the level
of spots on the chromatogram of reference solutions A
and B. On the chromatogram of the test solution the ad-
ditional spots are allowed (Scheme).

The quantitative assessment of BAS extracts was car-
ried out by determination of the quantitative content of
saponins calculated with reference to escin by the method
of absorption spectrophotometry in ultraviolet and visib-
le spectrum ranges by the following method.

Test solution. Place approximately 10.00 g of the gel
in a 100 ml separating funnel containing 10 ml of 0.1 M
solution of hydrochloric acid, add 1 g of sodium chlo-
ride, 20 ml of ether, shake vigorously for 5 min and leave
to complete separation of the layers. Combine the lower
aqueous layer with the previous one, add 30 ml of the mix-
ture of chloroform — 96 % alcohol (5 : 2), stir vigorous-
ly for 2 min, and leave until complete settling of layers.
Then place a gentle chloroform layer in a 250 ml coni-
cal flask with a sieve. Repeat the extraction twice with
the same mixture of solvents in portions of 20 ml and
10 ml, adding them to the previous extract. Evaporate
the chloroform-alcohol extracts to a dry residue under
vacuum on a water bath at the temperature of 50 °C.
Dissolve the dry residue when heating on a water bath

The top part of the plate

a yellow zone
a pale violet zone
Escin: a pale Allantoin: a yellow | @ grayish-yeliow
violet zone zone zone
a grayish-yellow
zone
Reference Reference .
solution A solution B Test solution

Scheme

in 25 ml of 96 % alcohol. Transfer the solution to a 50.0 ml
volumetric flask. Rinse the flask with the dry residue
by two 10 ml portions of 96 % alcohol and add them to
the solution of the dry residue, dilute the solution to the vo-
lume of 50.0 ml with 96% alcohol and mix. To 2.0 ml
of the resulting solution carefully add 8.0 ml of the con-
centrated sulfuric acid and mix.

Reference solution. Dissolve 0.0300 g of escin RS
previously dried to constant weight at a temperature of
100-105 °C in 50 ml of 96 % alcohol when heating on
a water bath, cool, dilute the solution to the volume of
100.0 ml with 96 % alcohol and mix. The shelf life of
the solution is 1 month when stored in a cool place in
a well-sealed container. To 2.0 ml of the solution ob-
tained carefully add 8.0 ml of the concentrated sulfuric
acid dropwise and mix.

In 30 min the optical density of the test solution and
the reference solution was measured on an Evolution
60S spectrophotometer (USA) at a wavelength of 405 nm
in a cell with the layer thickness of 10 mm. As a com-
pensation solution the mixture of 2.0 ml of 96 % alco-
hol and 8.0 ml of the concentrated sulfate acid was used.

The content of saponins (x) in the gel, mg, calcula-
ted with reference to escin was calculated by the formula:

_A;-my-50-10-2-1000-P
*TTA, m, -2-10-100-100 °

where: A, — is the optical density of the test solution;
A, —is the optical density of the reference solution; m, —
is the sample weight of the gel, g; m, — is the sample
weight of escin RS, g; P —is the content of escin in escin
RS, %.

The content of the amount of saponins in the gel
should be from 32 mg to 42 mg calculated with referen-
ce to escin.

Results and discussion. The extract of Delphinium
elatum contains more alantoin, while the extract of Aes-
culus hippocastanum has escin, therefore, it is advisable
to standardize the “Zhivitan” gel studied exactly by these
BAS [2-4].

To identify BAS of the extracts Delphinium elatum
and Aesculus hippocastanum in the gel studied the che-
mical reactions were carried out. Due to these reactions
it was proven that the dosage form contained compounds
of the phenol structure.

The presence of saponins with the triterpene struc-
ture was confirmed by thin-layer chromatography. Plates
with a silica gel “Silica gel 60” were used as a stationary
phase, as a mobile phase such system of solvents as chlo-
roform — ice acetic acid — methanol — water (15:8: 3 : 2)
was applied. Plates were viewed in daylight after treating
with phosphatotungstic acid solution and heating at 120°C.
A spot was observed on the chromatogram of the alco-
hol extract studied from the gel (a pale violet coloration)
at the level of the spot on the chromatogram with the escin
solution corresponding to the color with R; of about 0.53.
After treating the chromatogram with iodine vapors a spot
was observed on the test solution at the level of the spot
on the chromatogram with the solution of allantoin cor-
responding to the color with Rf of about 0.62.
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Fig. 1. Absorption spectra of 1 — the dosage form studied;
2 — placebo; 3 — 0.0008 % solution of allantoin; 4 — the base after
the reaction of formation of phenylhydrazone of glyoxalic acid

It was decided to standardize the gel by the quan-
titative content of allantoin containing both in the ext-
ract of Delphinium elatum rhizomes with roots and the ext-
ract from Aesculus hippocastanum seeds. For the quantita-
tive determination of allantoin in plant products the me-
thod of absorption spectrophotometry in the visible range
is used, it is based on alkaline hydrolysis of allantoin to
allantoic acid. Further oxidation of the reaction mixture
and addition of the phenylhydrazine solution results in
a red coloration of glyoxalic acid phenylhydrazone with
the absorption maximum at 518 nm [6]. When using this
method for the quantitative determination of “Zhivitan”
gel under study it was found that the reaction occurred,
and the resulting colored product had the absorption maxi-

A
0.25
0.2
0.15
0.1 7 ~C
/- TN
P '// A
L. - 7 N
0.05 7 .
/ \\ DR
/ \\
/ ~o
[/~ = e o
0 -+ T T e e R
370 380 390 400 410 420 430 440 450
A, Nnm
Escin — — —Chestnut extract
- - Gel ----- Placebo

Fig. 2. Absorption spectra after reaction with the concentrated
sulfuric acid: 1 — escin; 2 — gel extract; 3 — chestnut extract;
4 — placebo

mum at the wavelength of 518 nm. It has been determi-
ned that the extract of Aesculus hippocastanum preven-
ted the quantitative determination, after addition of the same
reagents it formed a colored product at the same wave-
length of 518 nm, probably due to the presence of allan-
toin. The base of the gel is polyethylene oxide; there-
fore, its components also form coloration in these con-
ditions (Fig. 1).

Thus, in this case, the method is not specific.

A more successful attempt was made to standardize
the dosage form studied by the quantitative content of
saponins calculated with reference to escin. The litera-
ture describes the methods for the quantitative determi-
nation of escin in Aesculus hippocastanum L. extracts
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Fig. 3. The graph of the linear dependence of the optical density on the concentration of the amount of saponins in normalized coordinates
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Table
Parameters Value Criterion 1 Criterion 2 Conclusion
Precision AZ 1.02 <1.60
Accuracy |Zm - 100| 0.16 <0.51 Maintained by the first criterion

by liquid chromatography [7, 8]. For this purpose a well-
known method for the spectrophotometric quantitative
determination of triterpene saponins in the Aesculus hip-
pocastanum extract in the visible range was used [9].
According to the method proposed to determine the quan-
titative content of the amount of saponins first lipophi-
lic substances were removed from the extract studied
and complexes of saponins with sterols were destroyed
by treating with the ester in the acidic medium. It was
found that under the action of acid, except destruction of
saponin complexes, the precipitation of the base and its
extraction into the ethereal layer occurred. Subsequent-
ly, saponins were extracted from the aqueous layer with
a mixture of alcohol and chloroform (2 : 5). The chlo-
roform-alcohol extraction was evaporated to a dry resi-
due under vacuum on a water bath at the temperature of
50°C. The dry residue was dissolved in ethyl alcohol,
the concentrated sulfuric acid was slowly added drop-
wise, and in 30 min the absorption spectra of the resulting
solutions in the range from 300 nm to 450 nm were re-
corded (Fig. 2).

In the case of studying the absorption spectrum of
escin after the reaction with sulfuric acid it was found
that there were two absorption peaks at the wavelengths
of 320 nm and 380 nm the shoulder in the range of
392-405 nm (Fig. 3).

In the case of the reaction with the chestnut extract
used for the manufacture of the experimental batch of
“Zhivitan” gel and the extract from the dosage form the
absorption spectra were characterized by the presence
of maxima at the wavelength of 405 nm. The placebo
practically did not affect the absorption of the solutions
studied since the background absorption effect was 0.95 %,
it was <A, 1.60 %.

According to the results obtained in the study of the li-
nearity of the method it was found that in the range of
the method application selected there was a directly pro-
portional relationship between the concentration of
the amount of saponins in the sample and the optical
density (Fig. 3).

A high correlation coefficient (0.9996 > 0.9981) indi-
cates the linearity of the method within the entire range
of concentrations of 80-120 %. To check the range
of application of the method (accuracy and precision)
the amount of saponins in the gel calculated with referen-
ce to escin (in the range of 80-120 % of the nominal
concentration) was determined (Table).

The experimental results of determining the preci-
sion of the method are characterized by the tolerance
spread of values in relation to the mean and relatively
low standard deviation over the entire range of the con-
centrations under study.

Conclusions and prospects for further research

1. The methods of identification and the quantita-
tive determination of medicinal plant products in the gel
dosage form have been developed.

2. Identification of the biologically active substances
of the liquid extract from Aesculus hippocastanum seeds
and the liquid extract from Delphinium elatum roots has
been proposed to perform by chemical reactions and thin
layer chromatography.

3. The quantitative assessment of biologically ac-
tive substances of gel has been proposed to perform
using the method of absorption spectrophotometry by
the amount of triterpene saponins calculated with refe-
rence to escin.

Conflict of interests: authors have no conflict of
interests to declare.
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