Scientific Consultant’s Review
of the dissertation by Anel Satzhankyzy Keleke, entitled “Pharmacognostic
study of Hedysarum semenowii Regel & Herder as a source of biologically
active substances”, submitted for the degree of Doctor of Philosophy (PhD) in
the specialty 8010102 — “Pharmacy”

1. Justification of the study's importance and its significance for contemporary
science and practical application

The dissertation by Keleke A.S. directly aligns with Kazakhstan's strategic national

priorities, as outlined in the "Healthy Nation" project and the Comprehensive Plan

for the Development of the Pharmaceutical and Medical Industry, which aim to

enhance healthcare quality and develop competitive domestic pharmaceutical

production. By focusing on the endemic flora of Kazakhstan, the research addresses

the critical need to expand the local raw material base for medicines, reducing
dependency on imports.

The chosen plant material, Hedysarum semenowii Regel & Herder, is promising.
While the genus Hedysarum is known in traditional medicine for its
immunomodulatory and adaptogenic properties, many of the 28 species found in
Kazakhstan, including H. semenowii, remain pharmacognostically unexplored.
Therefore, this work fills a substantial gap in scientific knowledge about this plant.
Its practical significance is substantial, as it lays the groundwork for the potential
inclusion of this species in the State Pharmacopoeia of the Republic of Kazakhstan
and for the development of new, evidence-based pharmaceutical substances and
products with adaptogenic, antioxidant, and antimicrobial properties.

2. The core scientific and methodological propositions/premises upon which the
doctoral candidate’s work is based

The research was planned based on that Hedysarum semenowii Regel & Herder, duc
to its phylogenetic relationship to other well-studied medicinal species in the genus
and its use in traditional practices, contains a diverse complex of biologically active
substances, which may have some potential therapeutic value.

The methodological framework is logically constructed and inclusive for a
pharmacognostic study. The thesis include:



« The necessity of establishing clear macro- and microscopic diagnostic features
for the authentic identification of H. semenowii raw material.

« The application of phytochemical analysis techniques to create a detailed
chemical profile of the plant's aboveground and underground organs.

» The use of pharmacopoeial and validated methods for the standardization of the
raw materials to ensure their quality, safety, and efficacy.

« The assessment of biological activity and safety profile through preclinical
pharmacological studies to justify its use in official medicine.

« The integration of ecological and biological data to scientifically substantiate the
phytointroduction of the species, ensuring a sustainable raw material supply.

3. The original research results obtained by the candidate and the robustness
of their evidentiary basis

The candidate has obtained a significant amount of original scientific results, which
constitute the core of the thesis's scientific novelty:

« For the first time, a comprehensive pharmacognostic study of both the
aboveground and underground organs of H. semenowii from the Trans-Ili Alatau
region has been conducted.

« Novel data on the macro- and microscopic anatomical features of the plant
material have been identified and systematized, creating a reliable basis for
species identification.

« A detailed chemical profile has been established for the first time, encompassing
secondary metabolites, amino acids, fatty acids, trace elements, and vitamins,
which significantly enriches the chemotaxonomic understanding of
the Hedysarum genus.

« New ecvidence on the antioxidant and antimicrobial activity of the extracts has
been obtained, alongside critical primary data on its safety profile (acute and
subacute toxicity).

The robustness of these findings is supported by the use of a set of analytical
methods (phytochemical, pharmacological, and botanical). The evidentiary basis
appears solid and sufficient to support the main conclusions of the work.

4. Evaluation of the dissertation's coherence, logical structure, and-consistency
of content

The dissertation is structured in a classic, logical, and coherent manner. The aim is
stated clearly, and the research objectives are formulated to directly achieve this
aim. The narrative flows consistently: from establishing the relevance,



10 outlining the specific aims, through the detailed research tasks, and culminating
in well-defined scientific and practical outcomes. The logical progression from
morphological study and phytochemical analysis to standardization, biological
activity assessment, and finally phytointroduction demonstrates a complete and
well-thought-out research cycle.

5. The specific role of the PhD candidate in the conducted studies and the
overall extent of the research work

The PhD candidate, Keleke Anel Satzhankyzy, played the central and defining role
in all stages of the research. This includes formulating the research design,
conducting the literature review, collecting and analyzing field samples,
performing or directly participating in the laboratory experiments, processing and
interpreting the data, and formulating the conclusions. The overall extent of the
research work is substantial, covering a full pharmacognostic cycle from raw
material identification to pre-clinical evaluation and cultivation recommendations.

6. The candidate’s professional attributes as a researcher and the experience
gained in applying scientific research methodologies

The successful completion of this multifaceted research demonstrates that Keleke
A.S. has acquired the professional attributes of a competent and independent
researcher. She has shown proficiency in a wide range of scientific methodologies,
including botanical microscopy, phytochemical analyses (chromatography,
spectrometry), pharmacological bioassays (antioxidant, antimicrobial, toxicity
testing), and the principles of standardization. The ability to synthesize findings from
different disciplines into a coherent scientific argument is a testament to her
analytical skills and deep understanding of the subject matter. The experience gained
in applying these methodologies is invaluable for her future scientific career.

7. Conclusion

The dissertation of Keleke Anel Satzhankyzy on the "Pharmacognostic study
of Hedysarum semenowii Regel & Herder as a source of biologically active
substances" is a complete, original, and high-quality scientific work. It addresses a
relevant and important problem, presents novel data with significant theoretical and
practical implications for the pharmaceutical science and industry of Kazakhstan.
The research is methodologically sound, the results are robust, and the conclusions
are well-founded. The candidate has demonstrated the qualifications and skills
required of a PhD holder.



Based on its scientific merit, novelty, and practical significance, the dissertation
fully meets the requirements for a Doctor of Philosophy (PhD) degree in the
specialty 8D10102 — “Pharmacy”. I recommend that Keleke Anel Satzhankyzy be
awarded the sought degree.

Scientific Consultant:

Prof. Dr. Ilkay Erdogan Orhan

Dean & Professor of Pharmacognosy, Faculty of Pharmacy, Lokman Hekim
University, 06510 Ankara, Tiirkiye

The signature is certified by a seal at the place of work



OT3bIB HAYYHOI0 KOHCY/IBLTAHTA
o nncceprauun Kejtexe Anenb CaTRaHKbI3bI HA TeMy «DapMaKorHOCTHIECKOE
necaenosanne koneeunuka Ceménopa (Hedysarum semenowii Regel & Herder) kax
HCTOYHHKA GHOJOTHYECKH AKTHBHBIX BEWIECTBY, MPEACTABJICHHOH HA COHCKAHHE CTCNCHH
noxtopa puaocopun (PhD) no cnemmaibuoctn 8010102 — «apmanus»

1. OGocHOBAHNE JHAYHMOCTH MCCJIEI0BAHUS M €r0 3HAYECHHS /LI COBPEMEHHOH HAYKH H
NPAKTHYECKOI0 NPHMEHEHHSI

Jlnccepranus Kenexke A.C. HEMOCPEJCTBEHHO COOTBETCTBYET CTPATErHYECKHM HALMOHAILHBIM
npuoputeram Kazaxcrana, H3JI0KeHHBIM B 1poekTe «370poBas Hauus» 1 KoMIiekcHOM 1uiane
pa3BUTHa  (apMaleBTHUECKOM M  MEJMIMHCKOH MPOMBIIUICHHOCTH, HAINPaBJICHHBIM  Ha
[OBBILICHHE KAYeCTBA 3/PABOOXPAHEHHS M Pa3BHTHE KOHKYPEHTOCHOCOOHOIO OTEHeCTBEHHOTO
(hapMalleBTHUECKOr0 Npou3poacTBa. COCPEIOTOYMB BHMMAHME Ha SHIEMHYHON  duiope
Kasaxcrana, Bccie/l0BaHHe OTBEYACT HA KPUTHYECKYIO HEOOXOJMMOCTh PACIIHPEHUs MECTHOH
CBIPHEBOH Oa3bl ISt IGKAPCTBEHHBIX CPE/ICTB, CHHKas 3aBUCUMOCTD OT HMITOpTA.

BrIGpannblii pacTHTeTBHENH MaTepnan — koneeunnk Ceménona (Hedysarum semenowii Regel &
Herder) — siBisieTcs nepenekTHBHEIM. B To Bpems kak poa koneeunnk (Hedysarum) ussecren B
TPAINIIMOHHON MEIMLMHE CBOMMH MMMYHOMOYJTHPYIONIHMH H aJIallTOrCHHBIMH CBOHCTBAMM,
mHOorue u3 28 Bujos, npouspacrawomux B Kasaxcranme, pkmouas H. semenowli, OCTAKTCS
HEJI0CTATOYHO M3YUEHHBIMH ¢ (JapMaKOrHOCTHYECKOH TOUKH 3peHHA. Takum oOpaszoM, JaHHas
paGoTa BOCHOJHSET 3HAYATEBHBIA [poOCH B HAy4yHbIX 3HAHMAX 00 OJTOM PacTEHHH.
[IpakTHueckas 3HAYMMOCTb HCCIEOBAHMA ABIAETCA CYLIECTBEHHOH, IOCKOIBKY —OHO
3aKJ1a/(bIBAET OCHOBY JUIS NOTEHIMAILHOTO BKITIOYEHWS JaHHOro BMaa B ['ocymapcTBeHHylo
hapmakonero Pecniy6nukyu Kasaxcran, a take /s pa3paGOTKH HOBBIX HAY4HO 0OOCHOBAHHBIX
(apMalieBTHUECKHX BEIIECTB W TpENaparoB ¢ aJalTOreHHBIMH, AHTHOKCHIAHTHBIMH M
AHTUMHKPOOHBIMHA CBOHCTBAMH.

2. OcHOBHBIE HAYYHBIC H METOA0JIOIHYCCKHE MOJIOKEeHHs, HA KOTOPbLIX OCHOBaHA paﬁm"a
COHCRaTE/IH

Uccresopanue OBUIO CIUITAHUPOBAHO HCXO/s M3 TOTO, YTO KOMEeUHHK Ceménona (Hedysarum
semenowii Regel & Herder), Gnarojaps cBoemy (HIOrCHETHYECKOMY POJICTBY € ApYTHMH
XOpOIIO M3YYEHHBIMH JICKADCTBEHHBIMM BHJAMHM JIAHHOTO pOJa M HCHOJNBL30BaHHIO B
TPaJMIIMOHHON TPAKTHKE, COJEPIKAT PasHOOOpa3HBI KOMIUIEKC OHONOIHYECKH aAKTHBHBIX
BEIIECTB, KOTOPBIC MOTYT 00JIa/iaTh MOTEHIHANBHOH TEPANIeBTHICCKOH IIEHHOCTBIO.

Mertojioiorudeckas 0a3a  JIOTMYHO  BBICTpOE€HA M SABAAETCS  KOMIUIEKCHOH Ui
dhapmakorHocTHYecKoOro ueciienopanus. Jluccepraius BKIIOYAeT:



e 1e00X0/IMMOCTE YCTAHOBJIGHHS YETKHX MaKkpo- M MHKPOCKOIHYECKHX JIHArHOCTHYCCKHX
TPU3HAKOB JUIA JIOCTOBepHOM HieHTH(uKauu cbipbd H. semenowii.

* [pUMEHEeHHE METOA0B (PHTOXHMHYECKOrO aHalu3a JUls CO3/IaHus JIeTalbHOI0 XHMUUECKOro
npoQuis Ha3EeMHBIX U M0I3€MHBIX OPraHOB pacTeHHUS.

*  HCIONIBb30BAHUE (hAPMAKOMCITHBIX M BAHJANPOBAHHLIX METO/I0B Ul CTAHAPTH3AIIHH CBIPBA C
1es1610 0becneyeH s ero KauecTna, 6e30macHoCTH M 2 dexTHBHOCTH.

*  OleHKY OHOIOrHYECKON aKTHBHOCTH M IIPO(uIIs 56€3011aCHOCTH IOCPEACTBOM JOKIHHHYECKHX
dapmaxonornueckux MccieoBanuii i 0GOCHOBAHHA €rO NMPUMEHCHHS B O(HUIMAILHON
MEIHITHHE.

* MHTEIPALMIO IKOJOIHYCCKMX H OHONOTHYCCKHX JAHHBIX JUIS HAy4HOTro OO0OCHOBaHHS
GUTOMHTPOLYKIIMHU JIAHHOTO BHJIA, 0OECIICYMBAOIICH YCTOHYHBOE ChIpbeBOe Obecreuenue.

3. Oplll"HHil.lellblE Hay'uHbl¢ pe3yJibTaTbl, HOJYYCHHBIEC COHCKATE/IEM, H 000CHOBAHHOCTD
HX J0Ka3aTeIbHo 0a3bl

e CowuckareneM NOJIyYeH 3HAYUTENbHBIH O0BEM OPUIHHAIBHBIX HAYYHBIX PE3YJIbTATOB,
COCTABJISIIOIIMX OCHOBY HAYYHOH HOBH3HBI JIHCCEPTALIHA:

* Brepseie NpoBeJCHO KOMILIEKCHOE (hapMAKOTHOCTHYECKOE MCCIIEIOBAHNE KaK HAI3eMHBbIX,
TaK H Mo/3eMHBIX opraHoB H. semenowii u3 pernona 3auinuiickoro Asaray.

¢ Bruprensl W CHCTEMATH3HMPOBAaHBI HOBBIE JIAHHBIE O Makpo- M MHKPOCKOIHYECKHX
AHATOMHUYECKHX TPH3HAKaX PAaCTHTEIBHOTO CHIPLS, YTO CO3JAET HAJEIKHYIO OCHOBY JIIsl
HACHTH(UKAIINH BH]A.

e BrepBble YCTAHORBJIEH JETANbHBLIA XUMHYECKHH MPOQHIIL, BKIIOYAOIHE BTOPHYHBIC
METabOIUTEl, AMWHOKHCIIOTEI, JKMPHBIE KHCIOThI, MMKPOJIEMEHTbl W BUTAMHUHBL, 4YTO
CYIIECTBEHHO PAaCHIMPSET XeMOTAKCOHOMHYECKOe oHnManne pojia koneeunuk (Hedysarum).

e [lonyuensl HOBBIE IaHHBIE 00 AHTHOKCH/IAHTHON M aHTHMUKPOOHOI aKTHBHOCTH SKCTPAKTOB,
a TaKKe BaXKHBIE NMEpBHYHBIE CBejeHMs O npoduie OGe3onmacHOCTH (OCTpas W HojocTpas
TOKCHYHOCT).

JloCTOBEpHOCTh  MOJYYEHHBIX pPe3yJIbTaTOB MOJTBEPKIAETCH INPUMEHEHHEM  KOMIUICKCA
aHATHTHYECKHX MeToj0B  ((puToxmMmMHYeckuX, (apMakonornueckux M OOTAHUYECKHUX).
JlokaszatenpHas 6Ga3a NpeacTaBIsIeTCs HANEKHON M JIOCTATOYHON U1 00OCHOBAHMA OCHOBHBIX
BBIBOJIOB pabOTHL.

4. Ouenka COrJIACOBAHHOCTH JHCCEPTALIHH, JIOTHYECKOil CTPYKTYPBI H
nocjae10BaTe/;IbHOCTH H3JIOKEHHHA

Jluccepranys MOCTPOEHA B KIACCHYECKOM, JIOoruuyHo u mnocnenosarenbHoi ¢opme. Llens
chopmynHpoBaHa 4YETKO, a 3aJa4d WCCIEIOBAHMS HANpaBlieHbl Ha €€ HENoCpPeICTBEHHOE
noctmkenue.  M3nokenwe MarepHana ABISETCS  TOCHENOBATENbHBIM:  OT  0OOCHOBaHMS
AKTYIBHOCTH



K (hOpMYIPOBKE KOHKPETHBIX LENIEH, uepes IeTanbHo pa3paboTaHHbIe 3a/1a41 HCC/IE/IOBAHMS | ¢
3aBepIICHHEM B YETKO ONpECNEHHBIX HAy4YHBIX W NPAKTHYECKUX pesyibTarax. Jlormyeckas
[0CJIE0BATEIBHOCTL OT MOP(OJIOrMHecKOro McecieloBaHus U (PUTOXMMHYECKOr0 aHaim3za K
CTaHJapTH3al{H, OLeHKe OHOMOrHMYecKoi aKTUBHOCTH MW, B KOHEUHOM HTOre, K
GUTOMHTPOIYKIIMH JIEMOHCTPHPYET MOMHBIN U TIIATEIBHO [POAYMAHHbIH LUK HCCICI0BAHUS,

5. Kouxpernas poub couckareisi crenedn PhD B nposenénnpix neciie1oBanuax v oommii
00bEM BBINMOTHEHHOI HAY4YHOH padoTbI

Couckarenr crenenn PhD, Keneke Amnens CamkKaHKBI3Bl, ChIFpajia HEHTPAILHYIO U
ONpeIeNIAIONIYI0 POJIb HA BCEX HTarax HCCIEOBAHHA. JTO BKIIOYaeT paspaboTKy Ju3aiiHa
HCCIe/I0BaHMsA, TpoBeZieHHe o0030pa mWTepatypbl, cOOp W aHaiu3 MoJieBbIX 0O0pa3ios,
BBIITOJIHEHHE MIIH HEIOCPEJACTBEHHOE y4acTHe B J1abopaTopHbIX SKCIEepHMEHTax, 00paboTky H
HHTEPIIPETALHIO JaHHBIX, a Takke (opMmyupoBaHHe BbIBOJOB. OO0mui 00BEM BBIOJHEHHOI
Hay4yHO! pabOTHI ABIACTCS 3HAYMTE/IBHBIM W OXBaTHIBACT NMOJIHBIH (papMaKOrHOCTHYECKHH LUK
— OT WIEHTH(HKAIHUA CHIPbA JO0 MOKIWHMYECKOH OIGHKH M pa3pabOTKM peKOMEHAAInii 1o
KYJIbTHBHPOBAHHIO.

6. lIpodeccHonaibHbIe  KAa4ecTBA  COHCKATENS KAK  HMCCJACIOBATES H  OHbIT,
NpHOOPeTEHHDIA NPH NPUMEHEHHH HAYYHBIX METOI0JIOTHi

Venemnoe 3dBCPUICHHE )J,a_HHOI"O MHOTOACTEKTHOTO HCCICNOBAHUA CBHACTCIBCTBYET O TOM, HTO
Keneke A.C. npuoGpena npodeccnoHanbHble KayecTBa KOMIETEHTHOIO H CaMOCTOSATEIbHOTO
ueenenosatens. OHa NpoAEMOHCTPUPOBAIA BIAJICHHE IMPOKUM CHEKTPOM Hay4UHbIX METOIMK,
BKJIIOYass OOTaHMYECKYI0 MHMKPOCKONHWIO, (UTOXHMHYECKHE aHajin3bl (Xpomarorpadus,
criekrpoMerpust),  (papmakosoruyeckne  OHoOTECThl  (AHTHOKCHAAHTHAs, AHTHMHKpOOHas
AKTHBHOCTb, OLIGHKa TOKCHYHOCTH), a TaKKe NpHHUMNBI cra”paprusaiud. CrnocobHOCTH
CHHTE3MpOBaTh pe3yJIbTaThl Pa3iMYHBIX AUCUMIUIHH B LEIOCTHYH HAYYHYIO apryMEHTalHIO
CBHJCTEILCTBYET O €€ aHaJIMTHYeCKHX HaBbIKax M IJIyOOKOM MOHHMaHHH IIpeJMeTa
uceneosanus. [TomyyeHHBIH ONBIT IPUMEHEHHS TAaHHBIX METOIOJIOTHH ABIISETCS HEHHBIM JITs €€
nanpHelnel Hay4HoH Kapbepbl,

7. 3akinogenne

Juccepranus Kenexke Anens CamxasHkbizel Ha TeMy «DapMakorHOCTHYECKOE HCCIE10BaHUE
xoneeunnka Ceménona (Hedysarum semenowii Regel & Herder) xkak ucrounuka OHOIOrHYCCKH
AaKTUBHBIX  BeLIECTB»  HpejacTaBiaseT  co0OH  3aBeplICHHYIO,  OPUIMHAIBHYWO W
BBICOKOKAYECTBEHHYIO Hay4Hyto pabory. B Helt paccmarpuBaeTcsi akTyalbHas M 3Hauyumas
npodiieMa, MPEACTABICHBl HOBBIC JAaHHBIC, HMEIOUIME CYLICCTBEHHOE TEOPETHYECKOE M
MpaKTHYECKOe 3HaYcHHE it (apmaueBTHUECKOH Hayku W npombiiuiecHHOCTH Kasaxcrana.
MccnejoBaHHE BBIMOIHEHO HA BHICOKOM METOOJIOTHYECKOM YPOBHE, MOJYYEHHBIC PE3y/IbTaThl
ABJISIOTCA JIOCTOBEPHBIMH, a BbIBObI — 0OocHOBaHHBIMU. COHMCKaTENbh MPOJAEMOHCTPHPOBATIA
KBATH(HKALMIO U HABBIKH, COOTBETCTBYIOIIHE CTeNeHH JJoKTopa dpunocodun (PhD).



Mexons W3 eé HAydHOH 3HAYMMOCTH, HOBH3HBI W NPAKTHYECKOH LEHHOCTH, JHCCEPTAIA
[10JIHOCTBIO COOTBETCTBYET TPeOOBaHMAM, IPCABABIACMbIM K CTCIICHH JIOKTOPA ¢unocodun (PhD)
no crnemmaneuoctd 8D10102 — «®apmanusy. PeKoMeHIyIO TNPHCYHTDH Keneke Amnenb
CaTxKaHKbI3bl HCKOMYIO CTCICHbD.
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