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Abstract

in recent decades, medicingl plants have garmered signiicant scientific aifenfion a5 nalural aftemalives fo
synthetic pharmaceuticals due to their low toxicify, high efficacy, and minimal side effecls. Among thess, horse chestnuf
(Aesciius hippocastanum L) s one of the most widely used medicinagl pfants in both traditional medicine and modem
pharmaceutical formulalions. Horse chestnit is well known for is content of biclogically active compounds, inciuding
esculin, escin, aescin, and a8 diverse range of favonoids. These compounds have demonsiraled considerable patential in
the freatment of vascular diseases. Flavoncids, in particiiar, are recognized for their potent venofonic, anfi-imfammatory,
and antioxidant aclivities. Their use is widespread in the treaiment of chronic venous insufficiency, varicose veins,
hemorrhoids, and thrombophiebitis. Numerous studies have confinmed that horse chestnul exiracis can enhance bioog
circulafion, strengthen capillary walls, and effectively reduce swelling and inflammation

Annotatsiya

Songgl o'n Wilikiarda dorvor o'simiikiar past zahaniigi. yogorn samaradonigh va minimal nojo'ya fa'sinan tufayil
sintetik dori vositalariga tabiy alfernaliv sifatida jiddiy dmiy etibomi gozondi. Shular orasida of kashiani (Aesculus hippo-
castanum L) an'anaviy tibbivol va zamonaviy farmatseviik preparatiarda eng keng go'llanifadigan dorivar o'simiikiardan
birfdir. OF kashiani biologik fac! binkmalar — eskuin, eskin, aeskin hamda turli xif favonoidiar farkibd bilan mashhur, Ushbu
birkmalar qgon lomir kasallikiann davoiashda seziani salohiysigs ega. Xususan, favonoidiar kuchli venolonik, yai-
ligianishga qarshi va anftioksidant xususiyatian bilan fanigan. Warming qgollaniishl surunkall venozr etishmovchiltk,
varikoz Kengawishi, gemarmoy va tmmbofiebin! davalashda keng fargalgan. Koplab tadqigotiar shuni fasdiglaydild, of
kashtani ekstrakilar gon aylanishini yaxshifaydi, kapillyar devorfanni mustahkamiaydl va shish hamda yalliglanishni s8-
marali kamaytiradi.

AHHOMAaYUR

B nocnedrue GecAMUNEMUR NEKSPCMESHHLIE DACMEHLR MOoUSTSKIU SHEYUMERLHOE BHUMEHUE HIYUHOED CO-
ofLyecmEes K&K NoupodHee aneMMepHAMUEL! CUHMEMUYECKUM hapMaUBsmMULeCKUM Npenapaman Gnazodaps Uy Hu3-
KOO MOKCUYHOCML, SRICOK0D 3hehekmueHOCY U MURLMETLEEIM TOO0oUHEIM 3thibesman. Cpedl Hux KOHCKLT KalumaH
(Aesculus hippocastanum L) AenRemcr OOHUM L3 Hau0ones WUpsKo Jonons3yeMsly MEXSOCMEERHEY PECITEHUE 8K 8
mpaduuuorkod Meduyure, mMar U 8 COBDEMerHLX (HapMalUesmuYeckuy noenapamax. Kodckuil kawmaHd uieecmel
cofepwaHuey Buolosudecyy armueHbly coedUHerUD EHTMYER JCKWIUH, SCKHUNH, 83CUUH, 8 makwe pasHoofpasHue
dnaeoHoudsl. 3mu coeduReHLA NPodeMOHCMDUDOSENL IHAYUMENEHEI TOMEeHYUEN & Meverul cocyducmenx zabome-
gatuy, OcofesHo RgesHoUdLl OMALYSKITICR BaIpa¥EHHLIML GEHOMOHUYECKUMU, NpOMUSoe0CNanumenbHaIML U aH-
MUDKCUGEHMEBIMUY ce8oldcmeaMy. My NpUMEREHUE LULPOKD DACTDOCMPSHERD Npu xporuveckol serciHol Hedooma-
MOYHGCMU, S3DUKO3HOM pacluupeHuly 8eH, semoppoe U mpombochnebume. MHozovucnedrsle Uccnedogadis nod-
Meepduny, WMo IKCMPEKMBl KOHCKO20 KaWMaHa Yydwianm kpoecodpalleHue, VNDemmRIDm CIMEeHKY Kanunnapos U
2hchermUEHo YMERELLSHOM OMEYHOCTE U E0CTENERUE.

Key words: Horse chestnut, vancose veins, fiavonoids, gallic aoid. quercelin, rutin.
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INTRODUCTION

In recent ears, the growing interest in medicinal plants has stimulated extensive research
into their chemical composition and pharmacological properties [1,2]. This is primarily driven by the
increasing demand for natural therapeutic agents that offer minimal side effects and high biclogical
activity compared to synthetic drugs. Among the most studied medicinal plants, horse chestnut
(Aesculus hippocastanum L) occupies a special place due to its long-standing use in traditional
and modern medicine [3,4]. Various parts of the plani—including seeds. flowers, and pericarp—are
rich in a wide spectrum of bioactive compounds such as friterpencid sapeonins (escin), coumarins
(esculin), tannins, and flavonoids [3,5 6]

Flavonoids are of particular scientific and clinical interest due to their potent antioxidant,
anti-inflammatery, and venotonic effects[7 8]. They are widely utilized in the treatment of chronic
venous Insufficiency, varicose veins, hemorrhoids, and vascular-related conditions. Recent
pharmacological studies have highlighted that rutin and gallic acd—wo key flavonoid
compounds—play an important role in reducing capillary permeability, improving microcirculation,
and providing antioxidant protection.

Despite the well-documented therapeutic properties of horse chestnut seeds and flowers,
there is limited research on the flavonoid profile of the fruit penicarp. In this context, the present
study focuses on the qualitative and quantitative determination of flavenoids, particularly rutin and
gallic acid, in the fruit pericarp of Aesculus hippocastanum L using high-performance liquid
chromatography (HPLC). The results aim to contribute to a deeper understanding of the plant's
phytochemical composition and its potential application in the development of functional food
products and nutraceutical formulations.

MATERIALS AND METHODS

This study focused on determining flavonoids in the pencarp of horse chestnut fruits
cultivated in the Andijan region of Uzbekistan. Ten mature horse chestnut fruits were collected, and
the seeds were separated from the pencarp. The pericarp and seeds were crushed using a
BOSCH BSG107 juice exfractor to obtain a fine powder. Precisely 100 g of powder was prepared
from both the pericarp and seeds For extraction, 0.5 g of powdered sample was accurately
welghed using an OHAUS NAVIGATOR™ NV222 balance (China) and placed in 25 ml of 96%
ethanol. The extraction was performed using an ultrasonic bath at 50 °C for 15 minutes, followed
by centrifugation at 3000 rpm. The supernatant was filtered through a 0.45 ym membrane filter
before analysis [5,6.10].

Preparation of Reagents and Standards. A 05% acetic acid solution (pH = 1.05) was
prepared by diluting 2.4 ml of glacial acetic acid with HPLC-grade water in a 500 ml volumetric
flask. Quercetin standard solutions (70, 140, and 280 mg/l} were prepared in methanol for
calibration.

Chromatographic Conditions. HPLC was performed using a2 C18 column (4 62150 mm, 5
um), a mobile phase of 0.5% acetic acid and acetonitrile (35:65), a flow rate of 1 mli/min, column
temperature of 40 °C, and detection wavelength of 370 nm.

Preparation of rutin standard solutions and calibration curve construction. To prepare a
standard solution of rutin at a concentration of 640 mg/l in ethanol, 16 mg of rutin was accurately
weighed using an NV222 analytical balance (manufactured by OHAUS, USA) with a precision of
0.01 g. The rutin was dissolved in 25 mi of ethanol in an ultrasonic bath at 40 °C for 10 minutes.
From this stock sclution (640 mg/l), a series of standard dilutions were prepared to obtain
concentrations of 96 mg/l, 64 mg/l, and 32 mg/l. These standard solutions were used to construct a
calibration curve.

Chromatographic conditions for rutin analysis included the use of a chromatographic col-
umn (4.6=150 mm, 5 pm, LC-18). The mobile phase consisted of water: 0.5% acetic acid solution:
acetonitrile in a ratio of 30:20:50. The column temperature was maintained at room temperature,
with a flow rate of 1 ml/min. The detection wavelength was set at 357 nm.

Preparation of gallic acid standard solufions and calibration curve construction. To prepare
a standard aqueous solution of gallic acid with a concentration of 510 mg/l, 25.5 mg of gallic acid
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was weighed with 0.01 g accuracy using the NV222 analytical balance (OHAUS, USA). It was dis-
solved in 50 ml of HPLC-grade water in an ultrasonic bath at 60 *C for 17 minutes. From this stock
solution (510 mg/l), dilutions were prepared to obtain standard solutions with concentrations of 340
mg/l and 170 mg/l, which were used to construct a calibration curve.

Chromatographic conditions for gallic acid analysis involved a chromatographic column
(4.6x150 mm, 5 pm, LC-18) with a mobile phase composition of water; 0.5% acetic acid solution:
acetonitnile in a ratio of 20:20:60. The column was operated at room temperature, with a flow rate
of 1 mli/min, and detection was performed at 273 nm.

Preparation of seed coat exiracts from horse chestnut. From the seed coat of horse chest-
nut, 0.5 g of powdered sample was accurately weighed using the OHAUS NAVIGATOR™ NV222
balance (China) and extracted with 25 ml of 96% ethancl in an ultrasonic bath at 50 °C for 15
minutes. The extract was then centrifuged at 3000 rpm and filtered through a 0.45 pm membrane
filter. The polyphenaol content was determined according to the standard methods described above.

Results. The experimental results revealed that quercetin was not detected in the seed
coat extract of horse chestnut. However, rutin was identified at a concentration of 62 06 mg/l, while
gallic acid was detected at 340 mg/l (Table 1). Therefore, it was established that 0.5 g of horse
chestnut seed coat contains 1.5515 mg of rutin (0.3109%) and 8.5 mg of gallic acid (1.7%).

Table 1. Results of polyphenol content determination in the seed coat extract of
horse chestnut

_ Extractant Sample mass, g Quercetin, mg/l Rutin mg/l | Gallic acid, mg/l
96% Ethanol 05 0 62 060 j 340

The chromatographic analysis of flavonoids in the ethanolic extract of horse chestnut (Aes-
culus hippocastanum L) fruit pericarp revealed distinct and well-resolved peaks corresponding to
the standard compounds. The identification of flavonoids was camed out by comparing the reten-
tion times and UV absorption maxima of the analyzed samples with those of standard solutions of
guercetin, rutin, and gallic acid [7].

According fo the obtained chromatograms, quercetin was not detected in the pericarp ex-
tract, as no charactenstic peak was observed at the expected retention time of approximately 3.9
minutes at a detection wavelength of 370 nm. This indicates the absence or extremely low concen-
tration of free quercetin in the analyzed sample.

In contrast, a prominent peak corresponding to rutin was observed at a retention time of 4.3
minutes, detected at a wavelength of 357 nm. The height and area of the rutin peak demonsirated
a high signal-to-noise ratio, confirming its significant presence in the sample. Quaniitative calcula-
tions based on the calibration curve revealed that the concentration of rutin in the extract was
62.06 ma/l, which corresponds to 1.5515 mg per 0.5 g of raw material, or 0.3109% of the pencarp
dry weight (Fig.1 a).

Additionally, the chromatogram recarded at 273 nm showed a distinct and sharp peak at
5.7 minutes, comesponding to gallic acid. The peak was symmeitrical and well-resolved from other
minor components, indicating good chromatographic separation and punty of the analyte. The con-
centration of gallic acid in the ethanclic extract was determined to be 340 mg/l, equivalent to 8.5
mg per 0.5 g of raw matenal, or 1.7% of the pencarp dry weight (Fig.1 b).
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Fig.1. Chromatogram for the determination of rutin (a) and gallic acid (b) content in alcohol-
ic exiract of chestnut seed peel.

Owerall, the chromatographic results demonstrate that the pencarp of horse chestnut fruit
contains considerable amounts of rutin and gallic acid, both of which are known for their biclogical
activity, especially antioxidant and vascular-protective effects. The absence of guercetin and the
dominance of rutin and gallic acid suggest a specific flavonoid composition characternistic of the
pericarp, which may differ from cother parts of the plant, such as seeds and flowers.

DISCUSSION

The results of the current study demonstrated a significant presence of flavonoid com-
pounds. particularly rutin and gallic acid, in the fruit pericarp of horse chestnut (Aesculus hippocas-
tanum ). The concentration of rutin was determined to be 62.06 mg/l, while gallic acid was quanti-
fied at 340 ma/l in the ethanolic extract. Notably, quercetin was not detected in the pericarp extract
under the applied chromatographic conditicns.

Owr findings are consistent with previous studies indicating that rutin is one of the predomi-
nant flavonoids in horse chestnut. For instance, Bakhiyarova and Tursunova [3] reporied high lev-
els of rutin in the seeds and flowers of Aesculus hippocastanum, highlighting its key role in the
plant’'s biclogical activity. However, their study primarily focused on seeds, while our data provides
new insights into the flavonoid composition of the fruit pericarp, which has been less explored in
scientific literature.

Studies by Kokareva et al. [5] have also confirmed the presence of flavonoids in horse
chestnut seed extracts, with rutin and guercetin being the main components. Interestingly, in our
analysis of the pencarp, quercetin was absent, suggesting that the distnibution of flavonoids within
the plant may vary significantly between different anatomical parts. This observation is supported
by the work of Li et al. [6], who noted vanability in flavonoid profiles depending on plant part, ma-
turity stage, and extraction method.

allic acid was identified at a concentration of 1.7% relative to dry weight, which aligns with
the findings of Dragovic-Uzelac et al. [7], who described high gallic acid content in various fruit
peels with potent antioxidant properties. The significant presence of gallic acid in the pericarp sug-
gests its contribution to the antioxidant potential of horse chestnut, which is In agreement with ear-
lier studies on phenclic compounds in medicinal plants [8].

Furthermore, the absence of quercetin in the penicarp extract contrasts with the results re-
ported by Gupta et al. [8], who observed moderate quercetin conient in seed exiracts. This dis-
crepancy may be atiributed to differences in tissue localization of flavonoids, as well as the solvent
polarity used during extraction. Our use of 96% ethanol likely favored the extraction of more polar
flavonoids such as rutin and gallic acid, while quercetin, which is less soluble under these condi-
tions, remained undetected.

Owerall, these results expand the phytochemical knowledge of Aesculus hippocastanum L,
particularly regarding the pericarp, which can be considered a valuable source of biologically active
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flavonoids. The high levels of rutin and gallic acid support the potential use of horse chestnut peri-
carp in the development of functional food ingredients and nutraceuticals aimed at improving vas-
cular health and combating oxidative stress.

Conclusion. In this study, the presence and quantitative content of flavonoid compounds in
the fruit pericarp of horse chestnut (Aesculus hippocastanum L) were determined. The conducted
analyses confirmed the presence of biologically active substances, particularly flavonoids such as
rutin and gallic acid, in the seed coat extract of horse chestnut. These compounds are well-known
for their anticxidant, ant-inflammatory, and capillary-strengthening properties. Their presence indi-
cates the significant therapeutic potential of horse chestnut, especially in the treatment of venous
insufficiency and varicose vein diseases.
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