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Abstract. Ursolic acid is a natural pentacyclic triterpene found in many medicinal
plants. Due to its wide biological activity, including antitumor, anti-inflammatory,
antioxidant, hepatoprotective and antimicrobial effects, it is considered a promising
structure for developing new broad-spectrum therapeutic agents. However, its clinical
application is limited by low water solubility, weak bioavailability, and limited
selectivity. Therefore, considerable attention is given to the structural modification of
ursolic acid to obtain derivatives with improved pharmacological and physicochemical
properties and high therapeutic value. The purpose of the study was to demonstrate a
way to increase the biological activity and improve the pharmacokinetic properties of
ursolic acid by means of chemical modifications. The following research methods were
used: synthetic pathways, analysis of the influence of structural changes on biological
activity, and comparison of experimental data obtained on various biological models.
Modern methods of chemical synthesis of ursolic acid derivatives, grouped by key
reactive positions of the molecule C-3, C-28, as well as other parts of the skeleton, such
as ring A, double bond between C-12 and C-13, are considered in the review article.
Studies have shown that targeted modification in positions C-3 and C-28 is most effective
for enhancing antitumor, anti-inflammatory, antibacterial and cytotoxic activity. The
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practical significance of the study is that it shows the high potential of modified ursolic
acid in the development of new pharmaceuticals and substantiates synthesis strategies
aimed at targeted enhancement of biological activity.

Keywords: ursolic acid, chemical modification, reaction centers, triterpenoid
derivatives, biological activity
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AHHOTamuUs. YPCON KBIIIKbUIBI KONTEreH JOPLIIK OCIMIIKTepe Ke3IeCeTiH
Ta0WFU NICHTALUKIIBI TPUTEPIICH. ICiKKe Kapchl, KAObIHYFa KapChl, aHTHOKCHIAHTTHIK,
TeIaTONPOTEKTOPIBIK JKOHE MHUKPOOKAa KapChl ocepii Koca ajFaHna, OMOJIOTHSIIBIK
OeNCeHNITIKTIH KeH CHeKTpiHe OalIaHbICTHI OJI )KaHa KeH CIEKTPIi eMJIiK areHTTep/l
JKacay YIIiH MEepCHeKTHBAIbI KYPBUIBIM PETiHJe KapacThIpbUIabl. JlereHMeH, ypcol
KBIIIKBUIBIHBIH KIMHUKAIBIK KOJJAHBUTYbl OHBIH Cylda TOMEH epiriliTiriMeH, Hamap
OMOXKETIMAUIITIMEH JKOHE ocep eTYIIH IICKTEYll CEJICKTUBTUIINIMEH IIeKTEeIe .
Ocpiran OallylaHBICTBI  KOFAphl eMJIK MaHBI3BI 0ap (apMaKoNOTHSAJIBIK JKOHE
(hM3UKa-XUMISUTBIK CHITaTTaMajlapbl KaKCAPTBUIFAH TYBIHABUIAPABI ally YIIIH YPCOI
KBIIIKBUTBIHBIH KYPBUIBIMIBIK MOIM(UKAIMICEIHA KOl KOHUI OemiHemi. 3epTreyuiH
MaKCaThl — XUMUSUTBIK MOJTUGUKAIUSIIAD apPKBUTBI YPCOJ KBIIITKBUTBIHBIH OUOJIOTHSUTBIK
OCJICeHAUTITIH apTTHIPY JKOHE (PapMaKOKMHETHKAJIBIK KACUETTEPiH KaKCaPTy JKOIJapbIH
KepceTy. 3epTTey oicTepi pEeTiHIEe CHHTE3 >KOJIIAapbl, KYPBUIBIMIBIK ©3repicTepiiH
OMOJIOTHSIIBIK  OCTICEHIUTIKKE OoCepiH Tajmay, COHAAi-aK opTYpii OMOIOTHSIBIK
MOJIENbJIEp/Ie ATBIHFAH SKCIEPUMEHTTIK EePEeKTep/i CalbICThIPy KommaHbuiasl. [1lomy
Makalaja MOJICKYJIaHBIH HETI3r peakIusuiblK opraislkrapsl - C-3, C-28, conmaii-ak
KaHKaHbIH 0acka Oeuikrepi, Mbicaibl, A cakuHackl, C-12 xoHe C-13 apachiHIarbl KOC
OaiiyiaHpIC OOMBIHIIIA TOMTACTHIPBIIFAH YPCOJ KIIIKBUIBI TYBIHIBUIAPBIHBIH XUMHSITBIK
CHHTE31HIH 3aMaHayH 9JIicTepl KapacThIpbliaasl. 3eprreyiep HoTmxkecinae C-3 xoHe
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C-28 mosunusapblHAaFel MaKCcaTThl MOAU(DUKAINS 1CIKKE Kapchl, KaObIHYFa Kapchl,
OakTepusiFa Kapchl XKOHE IIUTOYBITTBUIBIK OCICEHAUTIKTI apTThIpyAa €H THIMJI eKeHiH
kepceteni. lllomyna YCHIHBUIFaH HOTHIKENEP OHKOJIOTHSUIBIK, KaOBIHY, JKYKIaJIbI
aypynapabl eMzeyre OarbITTajfaH »KaHa IpernaparTapbl d3ipieyae NaiganaHbuTysl
MYMKiH, COHJal-aK MJOpPUTIK XUMUsS, (ApMAKOJIOTUS KOHE OHOMEIUIIUHAIIBIK
TEXHOJIOTHsIJIAp cajlachIHIOAFbl OJaH opi 3epTTeyiepre Heri3 Oonansl. 3epTTeynepliy
MPAaKTUKAJIBIK MaHBI3IBUIBIFEl — MOIU(HUKALUSUIAHFAaH YpPCON KBIIIKBUIBIHBIH JKaHa
(hapmaleBTHKaJIBIK areHTTeP/1 93ipIiey/ie JKOFaphl IOTEHIHAIbI 0ap eKeHIH alKbIHAAY bl
KOHE OMOJIOTHSUIBIK OEJICEHIUTIKTI MaKcaTThl TYpAE apTThIpyFa OarbITTallFaH CHHTE3
CTpaTerusIapblH Herizaeyi OoJbIl TaObLIaabI.

Tyiiin ce3mep: ypcona KbIIKBUIBL, XUMHSJIBIK MOAWDUKAINSA, PEaKIHSIIBIK
OpTaJIBIKTap, TPUTEPIICHOUATAPABIH TYBIHIBIIAPHI, OUOTOTUSIIBIK OSICEH TITIK

© P.N. JIxxanmaxau6eroa'*, C. Azatkbizbl', [LK. Mykymena?, 2025.
"EBpasuiickuii HaumoHanbHbIH yHEBepcuTeT nMenu JI.H. ['ymunesa,
Acrana, KazaxcraH;

’KaparaHIMHCKUI HAMOHAJIBHBINA HCCIIEOBATEIbCKUI YHUBEPCUTET UMEHH
akagemuka E.A. bykeroBa, Kaparanaa, Kazaxcran.

*E-mail: rjalmakhanbetova@gmail.com

CTPYKTYPHO-HAIIPABJIEHHBIE MOJIA®UKAIIUU YPCOJIOBOM
KNCJIOTHI U UX BIIMAHUE HA BUOJIOT'MYECKYIO AKTUBHOCTbD

Jxanmaxan6eroBa Po3a — 1oKTOp XMMHUYECKHMX HayK, acCOLMMPOBAHHBIN mpodeccop, Eppasniicknuit
HalMoHanbHbld yHuBepcuteT uMenu JI.H. I'ymunesa, Acrana, Kasaxcran,

E-mail: rjalmakhanbetova@gmail.com, https://orcid.org/0000-0001-9937-275X;

Azatkbibel CaMFaT — CTyZIeHT Kadenps! xumud, EBpasuiickuii HaMOHAJIBHBIN YHUBEPCUTET UMEHH
JL.H. 'ymunesa, Acrana, Kazaxcran,

E-mail: samgatazatkyzy@gmail.com; https://orcid.org/0009-0003-1132-0632;

MykymeBa I'yiuM — KaHIUIAT XMMUYECKHX HayK, aCCOIMHPOBAaHHBIA mpodeccop, Kaparanauuckuii
HAIMOHAJbHBIA HCCICNOBAaTEIbCKUN yHUBepcUTeT HMeHM akajgemuka E.A. Bykerosa, Kaparanna,
Kazaxcran,

E-mail: mukushevagulim5@gmail.com, https://orcid.org/0000-0001-6706-4816.

AHHOTanms. YpconoBasi KUCJIOTa — MPUPOAHBIN NMEHTAUKINYECKUNA TPUTEPIIEH,
cofiepKalluiicss BO MHOTHX JIEKAPCTBEHHBIX pacTeHMsIX. brnaromaps IHpoKoMy
CIEKTPY OHMONOTMYECKOH  aKTHBHOCTH, BKJIIOYAIOLIEMY  HPOTHUBOOITYXOJIEBOE,
MIPOTHBOBOCHAIUTEIbHOE, aHTHOKCHJAHTHOE, TeNaTONPOTEKTOPHOE U aHTUMUKPOOHOE
JeliCTBUE, OHA PACCMATPUBACTCS KaK IEPCIIEKTUBHAS CTPYKTYpa AJIs pa3padOTKH HOBBIX
TepaneBTUYeCKUX areHToB. OHaKo e€ KIMHUYEeCKOe IPUMEHEHHE OTPAHNYEHO HU3KON
pPacTBOPUMOCTBIO B BOAE, C1a00H OMOAOCTYIMHOCTBIO M YMEPEHHON CEIEKTUBHOCTBIO,
YTO CYLIECTBEHHO CHMKAET (papMakolornieckyro 3(p¢GeKTHBHOCTb. B cBs3u ¢ 3THM
3HAUUTEIbHOE BHUMAHHE YAEIAETCS CTPYKTYPHOM MOAU(UKAMK YPCOTOBON KUCIIOTHI
C LIEJBIO MIOTYYEHUsI TPOU3BOAHBIX C YIyUIIEHHBIMHU (DapMaKoJIOTHIECKUMH U (HU3UKO-
XMMUYECKHMHU XapakTepucTukamu. llenpro mccienoBanus ObLIO MPOaHaIM3HPOBATH
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CIOCOOBIMTOBBIICHHUS OMOJIOTHYECKOH aKTUBHOCTH M YTy YILICHH S (papMaKOKHHETHYE CKUX
CBOHCTB yPCOJIOBOM KHCJIOTHI TOCPEACTBOM Pa3IMYHBIX XUMHUECKUX MonuuKanuii. B
Ka4yeCcTBE METO/I0B UCCIIE0BaHMS HCIIOIb30BAINCH aHAJIN3 COBPEMEHHBIX XUMHUUECKHUX
MOAXONOB K MOAM(DUKANMH CTPYKTYpbl, H3yYeHHE BIMAHUS (YHKIHOHAIBHBIX
MpeBpaleHni Ha OMOIOTUYECKYI0 aKTUBHOCTD U COTIOCTaBIICHHUE JaHHBIX, MOTYYEeHHBIX
Ha Pa3IMyYHBIX OMOMozeisx. B 0030pHOH cTaThe pacCMOTPEHBI aKTyajlbHbIE METOJBI
CHHTE3a MPOU3BOIHBIX YPCOJOBOW KHCIOTHI, KIAacCH(HUIMPOBAHHBIE MO KIIOUEBBIM
PEaKIMOHHOCTIOCOOHBIM MO3HLUSAM MOJIeKybl — C-3, C-28, a Takke 0 MOTUPHUKALUSIM
koibIa A u obnactu J1BoiHOM cBsizu C-12=C-13. [loka3aHo, 4TO IeJICHAIIPABICHHBIC
npeoOpaszoBanus B no3unusax C-3 n C-28 sBustorcst HanOonee d(QPEKTUBHBIMU IS
YCUJICHUSI TPOTHBOOIYXOJICBOH, MPOTHBOBOCHAIUTEIbHON, aHTUOAKTEPUAILHOW H
LIUTOTOKCHYECKON aKTUBHOCTH B OTHOIIIEHNH OITyXOJEBBIX KJIeTOK. [IpencraBneHHbIe B
0030pe pe3ynbTaThl MOTYT OBITH UCTIOJIB30BAHBI P CO3IaHUH HOBBIX JIEKaPCTBEHHBIX
npenaparoB AJsl JIE€YCHUS OHKOJIOTMYECKHX, BOCHANIUTENBHBIX M HH()EKIHOHHBIX
3a00JIeBaHMI, @ TAK)KE CIY’KUTh OCHOBOM AJIS1 JalbHEUIINX UCCIIeOBaHUH B 00NacTH
MEINIMHCKON XUMHUH, (PapMaKoJIOTHH 1 OMOMEANIMHCKUX TexHonoruil. [Ipakruyeckas
3HAaYMMOCTbh HCCIJIEZIOBAHUS 3aKiIodaeTcs B JEMOHCTPALMM BBICOKOTO MOTEHIMAJa
MOIM(UIMPOBAaHHON YPCOJOBOM KHUCIOTHI B pa3paboTKe HOBBIX (hapMalleBTHUECKUX
CpeAcTB U OOOCHOBAaHWM CTPATEeTHil CHMHTE3a, HANPaBICHHBIX Ha LEJEBOE YCHIICHHE
OMOJIOTMYECKOM aKTUBHOCTH.

Ki1ioueBble c10Ba: ypcoioBasi KUCJIOTa, XUMUYECKask MOAU(HUKALIUS, peaKIHOHHbIE
LEHTPBI, TPOU3BOAHBIE TPUTEPICHOUIOB, ONOJIOrHYeCKass aKTUBHOCTD

Introduction. Among natural compounds, triterpenoids are among the most
abundant and structurally diverse biologically active secondary metabolites in plants.
They play protective, signaling, and physiological regulatory roles in plants. In addition,
triterpenoids have attracted special attention in the medical and pharmaceutical industries
due to their anti-inflammatory, antitumor, antiviral, antioxidant, and hepatoprotective
effects (Malik et al, 2024; Wei et al, 2024; Hu et al, 2025). One of the most widely
distributed compounds among these triterpenoids is ursolic acid (Cargnin et al, 2017;
Szakiel et al, 2012). Ursolic acid (3B-hydroxy-urs-12-en-28-oylic acid) (1) is a five-
membered triterpenoid.
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Various studies on the synthesis and biological properties of ursolic acid obtained
from plants have revealed its importance in the fields of industry, agriculture and
medicine.

Among oncological diseases, hormone-dependent types - in particular, breast and
endometrial cancer in women, as well as prostate cancer in men - remain one of the
medical and biological problems that have not lost their relevance today. In the treatment
of such pathologies, antihormonal drugs aimed at regulating hormonal balance and
inhibitors of enzymes involved in the biosynthesis of hormones (for example, aromatase)
are widely used. Studies have shown that ursolic acid is also able to inhibit the activity
of the aromatase enzyme (Jeong et al, 2000), which makes it a promising agent in the
therapy of hormone-dependent malignant tumors.

Ursolic acid exhibits pronounced antitumor activity by suppressing key signaling
pathways involved in tumor development. It also significantly reduces proliferation and
enhances apoptosis of cancer cells by blocking their pathological activation (Mbaveng
et al, 2014).

Ursolic acid exhibits a wide range of biological activities, however, its practical
application is limited by its low solubility, poor bioavailability, and limited selectivity
of action. Therefore, it is important to chemically modify ursolic acid to improve its
pharmacokinetic properties, enhance its therapeutic activity, and obtain new derivatives
with high selectivity and safety.

This work examines the modifications of the triterpenoid ursolic acid, which has a
wide spectrum of biological activity, at its reactive centers, and the pharmacological
activities of the synthesized derivatives.

Materials and methodology. The scientific information and data that formed the
basis of this review were systematically selected from international scientific databases.
In particular, information on chemical modifications performed on the reactive centers in
the molecular structure of ursolic acid, their synthesis routes and biological activity were
searched and analyzed from leading databases such as ScienceDirect, SpringerLink, and
PubChem.

The following keywords were used during the information search: ursolic acid,
chemical modification, reactive centers, biological activity, triterpenoids, derivatives,
etc.

The collected literature data were systematized according to the directions of
chemical modification (for example, C3-hydroxyl group, C28-carboxyl group and C12—
C13 double bond), and the synthetic methods used for each reactive center and their
effect on pharmacological activity were comparatively analyzed.

Results and discussion. Modifications at the C-3 position. The C-3 hydroxyl
group is one of the most frequently modified moieties in the structure of ursolic acid.
Various chemical modifications at this position, including esterification, oxidation,
glycosylation, oximation, and the formation of carbamate or amide derivatives, are
widely used to enhance anticancer activity.

Thien and colleagues synthesized a number of new derivatives of ursolic acid
by chemical modification. In the study, the hydroxyl group at the C-3 position was

75



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

mainly modified with various functional groups. The purpose of these modifications
was to increase the anticancer activity of the molecule. During the synthesis, the C-3
hydroxyl group of ursolic acid was first subjected to various acetylation and ester and
amide introduction reactions. As a result, compounds (2—4) were obtained. In addition,
oxidation, oximation, and further acetylation were carried out to obtain the acetoximino
group compound (5) (Thien et al, 2013). The results of the study showed that the
presence of an acetoximino group in the molecule significantly increased its anti-lung
cancer activity compared to the original ursolic acid. These structural modifications
demonstrate the possibility of creating effective anti-cancer drugs based on ursolic
acid, and the reactions are aimed at improving lipophilicity and biological activity by
modifying the C-3 position.

HOOC(H,C),0C

7,
“,,

) (3)

HOOC(CgH4)OC

4) ®)

Fontana and colleagues conducted a series of modifications and studied the effect of
the synthesized compounds on malignant liver cancer cell lines (HepG2, HA22T/VGH
and Hep3B) [Fontana et al, 2019]. Among the ursolic acid derivatives, compounds (6)
and (7), in which a three-carbon side chain was introduced at the C-3 position, were
obtained as stereoisomers by the Barbier—Grignard method and showed high activity

against all three cell lines.
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H O////u,

(6) )

Xu and his research group reacted ursolic acid and a number of other triterpenoids
with 3,4,5-methoxy benzoic acid and tested the antitumor effects of the resulting
compounds on A549, MCF-7, H1975, and BGC-823 tumor cells. In particular,
compound (8) with a 3,4,5-trimethoxyphenacyl group introduced at the C-3 position
had a specific antiproliferative effect, with an 1Cs, value ranging from 5.32—-15.23 uM
(Xu et al, 2020).

OCH,

®)

Jin and colleagues synthesized novel derivatives based on ursolic acid containing a
quinoline structure and containing thiadiazole, hydrazide, and oxadiazole moieties. The
antitumor activity of these compounds was evaluated in vitro against cancer cell lines
such as SMMC-7721, MDA-MB-231, and HeLa. As a result of the studies, a number
of compounds showed significant activity against at least one cell line. Among them,
compound (9) showed the strongest activity against all cancer cell lines, and this activity
was higher than that of etoposide. In particular, compound (9) can induce apoptosis of
HeLa cells, arrest the cell cycle at the GO/G1 phase, increase the intracellular level of

reactive oxygen species, and reduce the mitochondrial membrane potential (Jin et al,
2019).
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In addition, compound (9) can significantly inhibit MEK1 kinase activity and
interfere with the Ras/Raf/MEK/ERK transduction pathway. Thus, compound (9) has
been identified as a potential anticancer agent and a promising compound worthy of
further investigation.

Wu et al. developed a series of derivatives by modifying the structure of ursolic
acid with an aminoguanidine fragment and evaluated their anti-inflammatory and
antibacterial properties (Wu et al, 2019). Among these derivatives, compound (10)
showed the highest antibacterial activity against various bacteria tested with MIC
values in the range of 2-16 pug/mL, as well as the highest anti-inflammatory activity
with 81.61% inhibition. Structural analysis revealed that the aminoguanidine group is
the main factor influencing the activity. It was also observed that the retention of the
carboxyl group at C-28 in the molecule enhances the pharmacological efficacy of the

compound.

(10)

Gu and his research group synthesized new quinoline derivatives based on ursolic
acid. The antitumor effects of these compounds were tested in vitro on a series of
human cancer cells, such as MDA-MB-231 (breast cancer), HeLa (cervical cancer), and
SMMC-7721 (liver cancer) (Gu et al, 2017). In particular, compound (11) was found
to be the most potent derivative, with IC, values of 0.61 + 0.07, 0.36 + 0.05, and
12.49 + 0.08 uM, respectively, against MDA-MB-231, HelLa, and SMMC-7721 cells,
respectively, compared with the control.
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Modifications at the C-28 position

The carboxyl group at the C-28 position is one of the structural elements that is
frequently subjected to chemical modification. Functional groups such as piperazine
ring and nitrogen chains are introduced at this position through esterification, amidation.
Such modifications are often carried out to enhance anti-lung cancer activity.

Tian and colleagues synthesized new derivatives by introducing various diamine
groups at the C-28 position of ursolic acid and studied their anti-cancer activity against
MCEF-7, HeLa and A549 cancer cells (Tian et al, 2017). During the synthesis, the C-3
hydroxyl group was first protected with an acetyl group, and then the C-28 position
was modified with 2-hydroxyacetate and subjected to amidation reaction with various
diamines. The amines used included piperazine, N-methylpiperazine and various alkane
diamines. The results of the study showed that some of these derivatives, especially
compound (12), had higher antiproliferative activity compared to gefitinib. In particular,
compounds with primary amine groups were significantly more effective than secondary
and tertiary amine derivatives. In addition, secondary amine derivatives showed higher
activity compared to tertiary amines.

3
S
N
N

R' = NH(CH,),NH,
12)

Chi et al. synthesized a series of novel derivatives containing oxadiazole, piperazine,
and triazolone groups based on ursolic acid and evaluated their antitumor activity (Chi
et al, 2017). The antihypoxic effects of these derivatives, in particular, their ability to
inhibit the expression of hypoxia-induced factor-1a (HIF-1a), were investigated. In vitro
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experiments showed that these novel compounds significantly enhanced their antitumor
activity by inhibiting the expression of HIF-1a. Among them, derivative (13) inhibited
HIF-1a activity the most, but did not show cytotoxic effects on cancer cells. These
results indicated that simple esterification of the carboxyl group of ursolic acid could
significantly enhance its ability to inhibit HIF-1a activity and reduce its toxicity to cells.
In addition, the study revealed that derivative (13) could slow down cell proliferation
and induce cell cycle arrest in the G1 phase.

(13)

Gou et al. obtained several compounds by structural modification of ursolic acid.
Among them, compound (14) with a piperazine moiety in particular showed a more
pronounced inhibitory effect on lung cancer cell proliferation (IC, = 5.4-6.1 uM for
AS549 cells and IC50 = 3.9-5.7 uM for H460 cells) compared to the original ursolic acid.
Compound (14) was shown to not only induce cell cycle arrest at the GO/G1 phase but
also induce apoptosis in A549 and H460 cells. Thus, compound (14) is a drug with anti-
lung cancer properties (Gou et al, 2020).

(14

Li and his research group synthesized a series of novel derivatives based on ursolic
acid and investigated their ability to inhibit hypoxia-inducible factor 1o (HIF-1a) activity
and anti-inflammatory properties. The single compound (15) inhibited HIF-1a activity
more effectively than ursolic acid and showed anti-inflammatory effects comparable to
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celecoxib in in vivo studies. In addition, this compound moderately inhibited the COX-
2 enzyme, which also confirms its anti-inflammatory potential (Li et al, 2022).

(15)

Based on these results, compound (15) is considered a promising molecule and can
be proposed as a starting structure for the development of new HIF-1a inhibitors and
anti-inflammatory agents.

Modifications at positions C-3 and C-28

Kalani and colleagues modified the molecular structure of ursolic acid and studied its
characteristics using quantitative structure-activity relationship (QSAR) models (Kalani
et al, 2012). They applied these models to human lung cancer cell lines (A549). The
antitumor activity of the compounds obtained in the study was in good agreement with
experimental data. Among them, the 4-bromoanilamidoursolic acid analogue (16) was
the most active of all and had higher cytotoxic activity than the control drug Adriamycin.

(16)

Based on previous studies, Hua and his research group developed a series of novel
biologically active derivatives by purposefully modifying the structure of ursolic acid.
In their study, a series of novel ursolic acid derivatives modified at positions C-3 and
C-28 were designed and synthesized with the aim of developing potential anticancer
agents (Hua et al, 2015). They were evaluated against five cancer cell lines (MGC-803,
HCT-116, T24, HepG2 and A549) and a normal cell (HL-7702). The screening results
showed that some of these targeted compounds exhibited moderate to high levels of
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antiproliferative activity. The results indicated that the anticancer activity of compound
(17) could be achieved by inducing cell apoptosis by arresting the cell cycle at the
G1 phase, and could induce apoptosis through both intrinsic and extrinsic apoptotic
pathways.

S

N)J\NH

H,CO OCH,
OCH,

an

Other modifications

Leal and colleagues synthesized a series of ursolic acid derivatives using an
electrophilic fluorinating reagent. The antiproliferative activity of these novel compounds
was evaluated in AsPC-1 pancreatic cancer cells and their structure-activity relationships
(SARs) were investigated. Among the synthesized compounds, ursolic acid derivatives
with heterocyclic rings such as imidazole or methylimidazole and cyanones were among
the most potent inhibitors of AsPC-1 pancreatic cancer cell growth. 2-cyano-3-oxo-
120-fluoro-urs-1-ene-13,28B-olide, compound (18), was the most potent inhibitor with
1C50 values of 0.7, 0.9 and 1.8 uM in AsPC-1, MIA PaCa-2 and PANC-1 cancer cells,
respectively. This compound also showed good antiproliferative activity against breast
(MCF7), prostate (PC-3), hepatocellular (Hep G2), and lung (A549) tumor cells with
1C50 values below 1 uM (Leal et al, 2012).

NC

(18)
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Fu et al. reported that the biotransformation of ursolic acid by the endophytic fungus
Ustilago isabellina introduced a number of important structural changes. During the
study, it was found that the double bond of ursolic acid was shifted from the original
C-12—C-13 position to the C-11-C-12 position, and a hydroxyl group was introduced
at the C-13 carbon atom. As a result, new compounds (19-21) were obtained (Fu et al,
2011). In addition, a lactone ring was formed between the C-28 carboxyl group and the
C-13 hydroxyl group. These structural changes are an important step in increasing the
biological activity of ursane-type triterpenes and obtaining new natural compounds. The
authors showed that endophytic fungi can be used not only as metabolite producers, but
also as effective biocatalysts in complex structural transformations of natural compounds.
This study will increase the possibility of obtaining new bioactive compounds based on
ursolic acid and open the way to its use in the pharmaceutical field.

19)

21

Batra et al. isolated ursolic acid from the holy basil plant (Ocimum sanctum) and
synthesized three new derivatives based on this compound. These derivatives were
obtained by introducing various functional groups at the C-3, C-11 and C-28 positions
of ursolic acid and were evaluated for antitumor activity. A series of derivatives (22-24)
decreased DHFR activity and increased extracellular homocysteine levels. Compound
(23) showed significant antiproliferative activity in cancer cells (Batra et al, 2013).
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(22) (23)

249

Conclusion. Ursolic acid is a biologically active substance belonging to the group of
natural triterpenoids. The main functional groups include the hydroxyl group, carboxyl
group, and double bond. These groups are chemically active, so ursolic acid is easily
subjected to various chemical modifications. Such modifications are aimed at improving
its properties such as solubility, bioavailability, and pharmacological activity.

The chemical structure of ursolic acid is amenable to modification at various positions,
which in turn allows it to significantly increase its biological activity. The C-3 position
is one of the most frequently modified regions. The hydroxyl group at this position
easily undergoes various chemical reactions, improving the lipophilicity and biological
activity of the molecule. Significant modifications have also been made at the C-28
position. Here, the antitumor activity of the derivatives has been significantly increased
by the addition of various fragments. Modification of the double bonds at positions
C-12 and C-13 is also of interest. In particular, reactions such as the introduction of
a fluorine atom or the formation of a lactone ring enhance the activity of ursolic acid
against cancer cells. These changes contribute to cell cycle arrest, apoptosis activation,
and cytotoxicity.

Overall, this review has shown that chemical modifications at different positions of
the ursolic acid molecule significantly affect its pharmacological properties. The clinical
efficacy and safety of the resulting derivatives need to be further evaluated through in
vivo and clinical studies. Work in this direction will pave the way for the development
of new, effective, and safe drugs based on ursolic acid.
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