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Development of methods for identification and quantitative

determination of active substances in the medicated cosmetic

cream for use in trichology

To prevent and treat androgenic alopecia (AA) a medicated cosmetic cream (MCC) with the saw palmetto extract
and the Sophora japonica tincture has been developed. The introduction of MCC in production requires its standardi-
zation and development of its quality control methods.

Aim. To determine the qualitative composition and quantitative content of biologically active substances (BAS) in
MCC for prevention and complex treatment of AA.

Materials and methods. The study object was the experimental MCC with the saw palmetto extract and the
Sophora japonica tincture. The qualitative reactions and the method of adsorption spectrometry (MAS) were proposed
for BAS identification and quantitative determination.

Results and discussion. During the study flavonoids and phytosterols were identified. The content of flavonoids
calculated with reference to rutin was determined using MAS, it was 1.85 mg/g of MCC. The quantitative content of the
amount of triglycerides and phytosterols calculated with reference to $-amirine was 3.59 mg/g of MCC.

Conclusions. The qualitative reactions have been chosen to identify flavonoids for the Sophora japonica tincture
and phytosterols for the saw palmetto extract; the conditions for identification and quantitative determination of BAS
by MAS have been proposed. The methods developed will be used in the draft of Quality Control Methods (QCM) for
MCC for prevention and complex treatment of AA.
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M. I. ®epopoBcbka, H. . MNMonosko, B. O. 'pyabko

Po3po6ka meToaiB ineHTUpiKaLii Ta KinbKiCHOro BU3Ha4YeHHS Oil0YNX pe4oBUH
niKyBanbHO-KOCMETUYHOIo KpeMy, MpU3Ha4YeHoro Ans 3acTocyBaHHA B TPUXONOrii

[ns npoginakTvkv Ta NikyBaHHSA aHAPOreHHoI anoneLji po3pobreHo nikyBanbHo-kocMeTndHNI kpeM (JTKK) 3 ekctpakTom
nnopis nanbmu cabanb Ta HAaCTOMKOK codopn AMNOHCLKOI. BnpoBamkeHHs y BupobHmuTeo JIKK BumMarae noro crax-
JapTu3adii i BignoBigHO po3pobkM METOAMK KOHTPOIHO AKOCTI.

MeTta po60Tu — BM3HaAYEHHS SKICHOrO CKrnazy Ta KirnbKicHOro BMIicTy GionoriyHo akTmBHUX pevoBuH (BAP) y JIKK,
npusHaYeHoMy Ans npodinakTuky i nigTpumytodol Tepanii AA.

Martepianu Ta metoau. O6’eKTOM JOCMIIAXEHHS € eKCMeprMeHTanbHUiA NikyBanbHO-KOCMETUYHUIA KPEM 3 CyXUM
€eKCTpaKTOM nanbmu cabarnb Ta HaCTOMKOK codopy AMOHCLKOI. [Ansa ineHTudikauii Ta KinbkicHoro BusHavyeHHs BAP
3anponOHOBaHI AKiCHI peakuii Ta meTof agcopbuinHoi cnekTpodotomeTpii (ACPM).

PesynbraTtyh Ta ix o6roBopeHHsA. Y XoAi focnifXeHHs ineHTudikosaHi drnasoHoign Ta ditocteponu. Metogom
ACOM Br3Ha4yeHO BMICT (priaBoOHOIAIB y NepepaxyHKy Ha PyTWH, sikui cTaHoBuTb 1,85 mr/r npenaparty. KinbkicHui
BMICT CyMU TpUMNepneHoiAiB Ta (iTocTeponiB y NnepepaxyHKy Ha 3-amipyH ctaHoBuUTb 3,59 Mr/r npenapary.

BucHoBkun. O6paHi sikicHi peakuii Ha dnaBoHOIAN AN BU3HAYEHHS HACTOMKM cohopu AMOHCLKOT Ta Ha goiTocTe-
ponu — Anst eKCTPakTy NnoAis nanbmu cabanb; 3anpornoHoBaHi YyMOBM igeHTUdikauii Ta KinbkicHoro Bus3HadeHHs BAP
metogom ACPM. Po3pobneHi metoamnkm noknageHi B ocHoBy npoekty MKA Ha JIKK ansa npodinaktvkv i nigTpumyoyoi
Tepanii AA.

Knrouoei cnoea: aHOpozaeHHa anorneyis; Kpem; XiMiYHUU aHarni3; nokasHuKku skocmi

M. U. depoposckas, H. M. MNMonosko, B. A. pyabko

Pa3pa60TKa mMeTo4oB VIAeHTVId)MKaLIVIVI N KOnMn4yeCcTBeHHOro onpeanernieHnsA
AeﬁCTBleUJMX BelLecTB flie4eGHO-KOCMEeTUYECKOro Kpema, npeaHa3Ha4eHHOro
And NpuMeHeHUA B TPUxornornu

[ns npodmnakTukn 1 neYeHns aHaporeHHow anoneuum paspaboraH nevebHo-kocmetnyeckuin kpem (JIKK) ¢ akctpak-
TOM MI0A0B NasnbMbl cabanb 1 HacTorkon codopbl iNoHcko. BHeaperue B nponssoacteo JIKK TpebyeT ero craHaap-
TN3aLun 1 COOTBETCTBEHHO pa3paboTky METOAMK KOHTPOMNS KavyecTBa.

Lenb paboTtkl — onpeaeneHne Ka4eCcTBEHHOrO COCTaBa U KONMMYECTBEHHOTO COAEpXaHNs BMonormyeckn akTme-
Hbix BelecTB (BAB) B JIKK, npegHasHavyeHHOM AN npodunakTuki 1 nogaepxueatowen tepanum AA.

MaTtepuanbl 1 MeToabl. OOBEKTOM MUCCNEAOBAHMSA ABMNSETCS 3KCNEepUMEHTarnbHbI Ne4ebHO-KOCMETUYECKNI
KPeM C CyX1UM 3KCTPaKTOM nanbMbl cabanb 1 HacTonKon codopbl AMOHCKON. [ns naeHTudmKaumm u Konm4ecTBEHHOTo
onpegenennss BAB npeanoxeHbl KAYeCTBEHHbIE peakumm 1 MeToa aacopbumnoHHom cnekTpodotomeTpumn (ACOM).
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Pesynbrathl U Ux obecyxaeHue. B xone nccnegosaHus naeHtTudgmumpoBaHsl dnaBoHoMAbl U (UTOCTEPONbI.
MeTtonom AC®M onpepeneHo cogepxaHue hnaBoHOMOOB B NepecyeTe Ha pyTuH, KoTopoe cocTaenget 1,85 mr/r
npenapara. KonnuecTBeHHOe cogepxaHme CyMMbl TPUTEPNEHOMA0B 1 (DUTOCTEPONOB B MEpecyeTe Ha [3-aMUpUH CoCcTaB-

ngaet 3,59 mr/r npenapara.

BbiBoabl. M36paHbl ka4eCcTBEHHbIE peakun Ha driaBoHOUAb! ANS OnNpeaeneHns HacTorKn codopbl SMOHCKON U
uToCcTEPONLI — ANst 3KCTPaKTa NNOA0B NanbMbl cabarnb; NpeanoXeHbl yCnoBust nAEHTUMUKaLUA 1 KONTMYECTBEHHOMO
onpegenexus BAB metogom ACOM. PaspaboTaHHble MeTOAMKM NONoxeHbl B ocHOBY npoekta MKA Ha JIKK gns npo-

bunakTukn 1 nogaepxusatoien Tepanum AA.

Knroueesnie crioea: aHapOZGHHaFI ariorireyus; Kpem; Xumu4yeckul aHanu3; nokasamersnu kayecmea

Androgenic alopecia (AA) is a common form of ge-
netically determined baldness caused by the action of
androgens on the hair follicles (HF). Medicinal and para-
pharmaceutical remedies for prevention and therapy of
AA contain synthetic and natural active substances that
enhance the skin circulation (minoxidil, Capsicum an-
num tincture, sponge powder, rutin, escin, esculetin, etc.),
inhibit 5-a-reductase (finasteride, p-sitosterol and other
phytosterols, lauric acid) and block androgen receptors
(B-sitosterol, fluridil) [1, 2].

Considering the necessary pharmacological action
and the needs of the pharmaceutical market a medica-
ted cosmetic cream (MCC) with the saw palmetto ex-
tract and the Sophora japonica tincture for prevention
and complex treatment of AA was developed [3]. Saw
palmetto (Serenoa repens Small) fruits contain phyto-
sterols, fatty acids, esterified sterols and their glycosi-
des [4]. Biologically active substances (BAS) of saw pal-
metto suppress 5-o-reductase enzyme that is responsible
for formation of the active hormone — dihydrotestoste-
rone (DHT) in the blood. Interacting with androgen re-
ceptors, DHT causes abnormal microcirculation and HF
miniaturization with the subsequent hair loss. Phytoste-
rols also block approximately 50 % of DHT sensitive
receptor and prevent its binding to the nuclei of the trig-
gered cells [5]. Sophora japonica fruits contain a sig-
nificant amount of rutin (up to 30 %), as well as kaem-
pherol, quercetin and other flavonoids. BAS of Sophora
Jjaponica have the capillary protective effect and stimu-
late the blood circulation in HF [6].

The introduction of MCC in production requires its
standardization and development of its quality control
methods [7]. Development of methods for identification
and quantitative determination of the saw palmetto ext-
ract and the Sophora japonica tincture in the MCC com-
position allow providing its quality during production,
application and storage.

The aim of the work is to determine the qualitative
composition and quantitative content of BAS in MCC
for prevention and complex treatment of AA.

Materials and methods

The study object was MCC with the saw palmetto
extract and the Sophora japonica tincture. For standar-
dization the numerical indexes were determined in 5 bat-
ches of MCC. Identification and quantitative determi-
nation of the herbal substances were carried out con-
sidering their active ingredients, namely flavonoids (for
the Sophora japonica tincture) and phytosterols (for the
saw palmetto extract) [4, 8].

The qualitative reactions and the method of adsorp-
tion spectrometry (MAS) were proposed for BAS iden-
tification.

Identification of BAS of the Sophora japonica tincture.
Weigh approximately 2 g of MCC into a weighing bot-
tle, add 6 ml of 70 % ethanol and mix thoroughly. Filter
the emulsion obtained through a paper filter. Add 2-3
drops of iron (III) chloride solution R/ to 2 ml of the
resulting filtrate. A black and green color should appear.

Add 3-4 drops of dilute solution of sodium hydroxide
to 2 ml of the filtrate previously obtained. An intense
yellow color should appear.

MAS. To determine the absorption spectrum of fla-
vonoids in the wavelength range of 390-470 nm the so-
lution is prepared as indicated in the section “Quantita-
tive determination of flavonoids”.

Identification of BAS of the saw palmetto extract.
In order to identify the amount of triterpenoids and phyto-
sterols the method of the State Pharmacopoeia of Ukraine
(SPhU) proposed to determine the amount of nonsapo-
nified substances (SPhU 2.5.7) was used [9].

Place 0.1 g of MCC in a 50 ml round-bottom flask,
add 10 ml of 2 M potassium hydroxide alcoholic solu-
tion and boil on a water bath with a reflux condenser
for one hour. Cool the solution obtained, then transfer
it quantitatively to a separating funnel with 30 ml of water R
previously added. Stir the solution, add 15 ml of cAlo-
roform R, shake thoroughly for 2 min and allow the lay-
ers to stratify. Separate the chloroform layer and filter in
an evaporation cup through a paper filter containing 2 g
of anhydrous sodium sulfate, then leave the cup in the
hood until the solvent is completely evaporated. Dis-
solve the residue in 10 ml of ethyl alcohol R. Transfer 2 ml
of the resulting alcoholic solution to a dry test tube, add
several crystals of vanillin, shake the test tube to dis-
solve the substances, then add 2 ml of sulfuric acid R
cautiously down the sides of the tube without stirring.
On the border of two layers a yellow-green ring should
appear, after a while it gradually should become red-purple.

MAS. To determine the absorption spectrum of phyto-
sterols in the wavelength range of 230-400 nm the solu-
tion is prepared as indicated in the section “Quantitative
determination of the amount of steroid compounds”.

The quantitative determination of the amount of fla-
vonoids and steroid compounds was carried out using
MAS:

According to the method of flavonoid determi-
nation developed. Place approximately 0.5 g of MCC
(accurate weight) in a 50 ml flask, add 0.5 ml of 5 g/1 solu-
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tion of hexamethylenetetramine R, 1 ml of hydrochloric
acid solution R1, 15 ml of acetone R and boil on a water
bath for 45 min. After cooling filter the solution through
a small paper filter into a 25 ml volumetric flask. Wash
the flask and the filter with two acetone portions of 5 ml
each, dilute to the volume of the solution with the same
solvent and mix (Solution A).

Place 20 ml of water in a 100 ml separating funnel,
add 20 ml of Solution A and 15 ml of ethyl acetate R,
mix, then add 2 g of sodium chloride R, shake thoroughly
until the complete salt dissolution and allow the layers
to stratify. Separate the ethyl acetate layer and repeat
the extraction three times with 10 ml of ethyl acetate.
Transfer the resulting ethyl acetate extracts quantitati-
vely into a separating funnel and wash with two water
portions of 50 ml each. Filter the extract obtained through
a paper filter containing 2 g of anhydrous sodium sul-
fate in a 50 ml volumetric flask, wash the funnel and
the filter with ethyl acetate, dilute to the volume of the
solution with the same solvent and mix (Solution B).

Preparation of Test solution. Place 10 ml of Solu-
tion B in a 25 ml volumetric flask, add 2 ml of alumi-
num chloride reagent, dilute to the volume with 5 % so-
lution of acetic acid in 96 % ethyl alcohol and mix.

Preparation of Reference solution. Place 10 ml of
Solution B in a 25 ml volumetric flask, dilute to the vo-
lume with 5 % solution of acetic acid in 96 % ethyl alco-
hol and mix.

Place the volumetric flasks in a dark place and in 30 min
determine the optical density using a spectrophotometer
at the wavelength of 425 nm in cuvettes with the layer
thickness of 10 mm.

The content of the amount of flavonoids calculated
with reference to rutin in mg per 1 g of MCC is calcu-
lated by the formula:

AV, -V, -V -K-10
Al%omw-Vz-V4
1%

lem

where: A — is the optical density of Test solution; A,,,
is the specific absorption rate of hyperoside (500); m, —
is the weight of MCC, g; V, — is the volume of Solution
A (25 ml); V, — is the volume of the aliquot (20 ml);
V, — is the volume of the volumetric flask with the second
dilution (50 ml of Solution B); V,— is the volume of the
second aliquot (10 ml); V; — is the volume of the volu-
metric flask of Test solution (25 ml); K — is the recal-
culation coefficient of hyperoside conversion into rutin
(1.412).

The amount of steroid compounds. Absorption spectro-
photometry (SPhU 2.2.29).

Preparation of 7est solution. Place 0.1 g of MCC
in a 50 ml round-bottom flask, add 20 ml of 2 M potas-
sium hydroxide alcoholic solution and boil on a water
bath with a reflux condenser for one hour. Cool the solu-
tion obtained, then transfer it quantitatively to a 125 ml
separating funnel with 50 ml of water R previously added.
Stir the solution, add 20 ml of chloroform R, shake tho-
roughly for 2 min and allow the layers to stratify. Separate
the chloroform layer and filter in a 100 ml evaporation
cup through a paper filter containing 2 g of anhydrous

X:

2

sodium sulfate. Repeat the extraction twice with chloro-
form R portions of 20 ml each filtering the extract through
the same filter in the same cup. Wash the filter with two
5 ml portions of chloroform R and leave the cup in the
hood until the solvent is completely evaporated.

Add 4 ml of concentrated sulfuric acid R to the dry
residue in the evaporation cup, dissolve thoroughly with
a glass rod and transfer to a 10 ml volumetric flask using
the rod. Wash the cup with two more portions of con-
centrated sulfuric acid R of 3 and 2 ml, transfer the re-
sulting solutions to the same volumetric flask, dilute to
the volume of the solution with the same solvent and
mix. Measure the optical density using a spectrophoto-
meter at the wavelength of 311 nm in relation to the com-
pensation solution (concentrated sulfuric acid R) in cu-
vettes with the layer thickness of 10 mm.

The content of the amount of steroid compounds cal-
culated with reference to B-amirin mg per 1 g of MCC
is calculated by the formula:

_A-V;-10
A% m

lem w

X

b

where: 4 — is the optical density of Test solution; 4" —
is the specific absorption rate of B-amirin under condi-
tions of the experiment (340); m,, — is the weight of MCC, g;
V', —1is the volume of the volumetric flask (10 ml).

Results and Discussion

Flavonoids of the Sophora japonica tincture belong
to polyphenolic compounds and give a reaction with Fe**
salts. As a result of the experiment a black-and green
color appears.

One of the common reactions to determine flavo-
noids is the reaction of forming chalcones with a dilute
solution of sodium hydroxide. As a result of the experi-
ment an intense yellow color appears.

If the quantitative determination of active substances
in a drug is carried out by the method of adsorption spectro-
photometry, the same method should be used for their
identification. Light absorption of the solution of the mixtu-
re of substances is the integral sum of absorption of each
component. Related substances have similar chromopho-
res, and therefore, similar absorption spectra, that is why
spectrophotometry is often used to determine the amount
of compounds of the same chemical group. In this case,
the content of the amount of BAS is determined calcu-
lating conventionally with reference to one marker stan-
dard substance of the group.

It is known when various flavonoids interact with
an acidified alcoholic solution of aluminum chloride, a
yellow color appears. The SPhU recommends this reac-
tion for the quantitative determination of the amount of
flavonoids in different types of the plant raw material
[9]. The absorption spectrum of the solution prepared
as specified in the section “Quantitative determination
of flavonoids” in the range of 390-470 nm should have
a maximum at a wavelength of 425-427 nm (Fig. 1).

When determining the amount of triterpenoids and
phytosterols according to the method of the SPhU 2.5.7 the
methylene groups of steroid compounds can react with
vanillin in the presence of concentrated sulfuric acid R
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Fig. 1. The adsorption spectrum obtained when determining the
amount of flavonoids in the MCC
composition studied

to form colored products of condensation. As a result of
the experiment, when several vanillin crystals are added
to the alcoholic solution of the amount of nonsaponi-
fied substances, while sulfuric acid is layered carefully
on the border of two layers, a yellow-green ring, which
after a while gradually becomes red-purple, appears.

The absorption spectrum of the solution prepared as
specified in the section “Quantitative determination of
the amount of steroid compounds” in the range of 230-
400 nm should have a maximum at a wavelength of 311
+ 2 nm (Fig. 2).

The results of the quantitative determination

The experimental model batches of MCC were ana-
lyzed according to the method of quantitative determi-
nation of the amount of flavonoids. The results obtained
are presented in Tab. 1 and 2.

The results of the analysis statistically processed are
presented in Tab. 2.
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Fig. 2. The adsorption spectrum of the solution of the amount of
nonsaponified substances obtained during analysis
of MCC in concentrated sulfuric acid R

The content of flavonoids calculated with reference
to rutin should be 1.48-2.22 mg/g of MCC.

Literature data suggests that pumpkin seed oil being
a part of the cream developed also contains phytoste-
rols, in particular B-sitosterol [10], which will be also
determined together with triterpenoids and phytosterols
of the saw palmetto extract. Therefore, the analysis per-
formed is determination of the amount of phytosterols
containing in MCC.

According to the method developed for determina-
tion of triterpenoids and phytosterols in MCC the expe-
rimental batches of the drug were analyzed. The results
of the experiments conducted are presented in Tab. 3:

The results of the analysis statistically processed are
presented in Tab. 4:

The content of the amount of steroid compounds calcu-
lated with reference to B-amirin should be 2.87-4.31 mg/g
of MCC.

Table 1
The results of the quantitative determination of the amount of flavonoids
The sample code 1 2 3 4 5 6
m, 0.5380 0.5214 0.5073 0.5050 0.5152 0.5196
A 0.244 0.219 0.199 0.190 0.222 0.228
X, e 2.00 1.85 1.73 1.66 1.90 1.94
Table 2
The statistical processing of the results of the analysis
X, mg f % s? S S. P,% t(Pf) Ax Ax g %
2.00
1.85
1.73
1.66 5 1.85 0.01671 0.12925 0.05273 95 2.5706 0.13567 0.05539 2.999
1.90
1.94

Notes: m — is the sample size; f- is the number of degrees of freedom; x - is the mean value of the sample analyzed; $? - is dispersion;
S, S; - is the standard deviation (the separate and mean measurement, respectively); P - is the confidence probability;

t(P, f) - is table values of Student’s t-test; Ax, Ax,

mean

—is the confidence interval (the separate and mean measurement, respectively);
€, % — is the relative error of the mean measurement, %.
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The results of the quantitative determination of the amount of phytosterols

Table 3

The sample code 1 2 3 4 5 6
m, 0.1065 0.1034 0.0998 0.1012 0.0973 0.0986
A 1.396 1.244 1.093 1.294 1.154 1.234
ma/lq 3.85 3.54 3.22 3.76 3.49 3.68
Table 4
The statistical processing of the results of the analysis
X, Mr f % S2 S S; P,% t(Pf) Ax Ax £ %
3.85
3.54
3.22
3.76 5 3.59 0.0508 0.25539 0.09201 95 2.5706 0.23657 0.09658 2.69
3.49
3.68
CONCLUSIONS fication of phytosterols in the saw palmetto fruit extract

1. The method for identification of the Sophora japo-
nica tincture in the composition of the cream has been
developed. This method is in using the complex of che-
mical reactions and spectral characteristics of the solu-
tion prepared for the quantitative determination, and it
greatly increases the specificity of the analysis.

2. The spectrophotometric method for the quantita-
tive determination of the amount of flavonoids calcu-
lated with reference to rutin in the composition of the
experimental MCC has been developed by the products
of interaction with aluminum (III) chloride. The analy-
sis of the experimental batches of MCC has been per-
formed according to the method developed; the metro-
logical characteristics of the mean result have been ob-
tained. It has been shown that the content of flavonoids
calculated with reference to rutin is 1.85 mg/g of MCC.
The relative uncertainty of the mean result is 2.99 %.

3. Due to the low content (less than 2 mg) and the
possibility of variations in the content of the active subs-
tances in the plant raw material it has been proposed
to regulate the content of the amount of flavonoids cal-
culated with reference to rutin in the cream developed
within &+ 20 % from 1.48 to 2.22 mg/g of MCC.

4. Based on the halochromic reaction with concentra-
ted sulfuric acid the spectrophotometric method for identi-

after determining the amount of nonsaponified substan-
ces from MCC has been developed.

5. The spectrophotometric method for the quantita-
tive determination of the amount of triterpenoids and
phytosterols calculated with reference to -amirin in the
composition of the MCC nonsaponified residue has been
developed based on the halochromic reaction with con-
centrated sulfuric acid. It has been shown that the content
of the amount of triterpenoids and phytosterols calcu-
lated with reference to B-amirine is 3.59 mg/g of MCC.
The relative uncertainty of the mean result is 2.69 %.

6. Due to the low content (less than 2 mg) and the
possibility of variations in the content of the active substan-
ces in the plant raw material it has been proposed to
regulate the content of the amount of triterpenoids and
phytosterols calculated with reference to B-amirine in the
cream developed within £ 20 % from 2.87 to 4.31 mg/g
of MCC.

7. The results of the research conducted will be used
when developing QCM in the process of introduction
of MCC with the saw palmetto extract and the Sophora
Jjaponica tincture for prevention and complex treatment
of AA into production.
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