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Pesiome

BBepeHue. VIK-cnekTpockonua B nociiefHee BpeMsa BCe Yallle UCNONb3yeTca A BbIABNEHUA Pa3NIMYHbIX FPYnn 61onornyeckn akTMBHbIX
BewecTtB (BAB) B pacTuTenbHbix o6beKkTax. I3BeCcTHO, UTo pacTeHunsa cnocobHbl HakamnnmBaTb pa3Hble BAB. B HacToswee Bpems OoTCyTCTByeT
[lOCTOBepHas, MojiHasA 1 JoCTynHas 6a3a WK-cneKTpoB iekapCTBEHHOrO pacTuTenbHoro cbipbsa (JIPC), nMelolero MHOroKOMMOHEHTHbIN
cocTaB, HeOOXOANMan ANA PeleHnA KOHKPETHbIX MpakTUYecknx 3agay. [lpeactaBnsaeT nHTepec NCNonb3oBaHre ANA Lenen naeHTuemnkaymm
NIPC, a Takxe AnddepeHUManbHOW AMArHOCTUKU OGAU3KOPOACTBEHHbLIX BUAOB W PasfIMYHbIX COPTOB JIEKaPCTBEHHbIX pacTeHuin
3KCMpecc-MeTOfOB Hepaspyllalowero KOHTPOA, KOTopble MO3BOMAIOT MPOBOAWUTb aHaNM3 CbipbA B MaKCUManbHO KOPOTKOe Bpems,
COXpaHAA BO3MOXHOCTb fJaNbHellwen Beretaymn. K Takmm Buaam TPyAHOPAs3NNUMMOro CbipbA OTHOCATCA OT 9-14 (No pa3HbIM AaHHbIM)
611M3KOPOACTBEHHbIX BUAOB pacTeHna poga Valeriana, BxopAwmX, CornacHo nNpuHATon knaccudukauum B. U. TpyboBa ¢ foNoOAHEHNAMN 1
n3meHenmamu B. H. BopowwunoBa B c6opHbinn uukn (V. officinalis L.) paga Officinales Grub., n xapakTepusyolmxca Ype3Bbl4alHO CXOAHbIM
cocTaBom mMeTabonoma.

Lenb. Llenbio HacTosilero ucciefoBaHUs SBAANOCb W3y4YeHME BO3MOXHOCTM npumeHeHus WK-cnekTpockonuu pna wpeHTuduMkauuu
NeKkapCTBEHHOro PacTUTENIbHOMO CbipbA BaJiepriaH COMHUTESIbHOW 11 BOMKCKOMN.

MaTepuanbl n metoabl. O6bekTaMy NCCNE[OBaHUA CNYXIUIW KOPHEBHLLA C KOPHAMM, TpaBa BanepraHbl Bommkckol (Valeriana wolgensis Kazak.)
1 BanepuvaHbl comHutenbHon (Valeriana dudia L.). O6pa3ubl 6611 3arotoBneHbl B BopoHexckon obnactu B 2019 . Ha 6epery peku Wkopel B
cene CpepaHuin Mkopel JINCKMHCKOroO paiioHa U B OKpecTHOCTAX cena benoropbe MogropeHckoro paioHa. MIK-cnekTpbl 6biamn nonyyeHbl 6e3
npeaBapuTenbHon NpobonoarotoBku Ha npubope VK-Oypbe-cnektpomeTtp VERTEX 70 (Bruker, lepmanus) metogom HIMBO v nocnepgytowei
obpabotkoit nporpammoit OMNIC unn GRAMS 4/32.

Pe3ynbTaTtbl n 06CyKAeHMe. Bo Bcex cneKkTpax nccnefoBaHHbIX 06pasLioB 06HapyKeHbl MONOChI MOMOLWEHNA, OTPaXKaloLwme 061N XUMUYECKIIA
cocTaB. Habniopganncb cxopHble NOMOCHI MOMOWEHUA, OTINYABLINECA NNLWb UHTEHCMBHOCTBIO. OCOBEHHO 6NIM3KM MexAy coboii Gbinm CneKkTpbl
OfHOMMEHHbIX FpynMn CbipbA (TPaBbl 1 KOPHEBULLY, C KOPHAMU) N3yvaeMbix BUAOB BanepuaH. B VIK-cnektpax nopolukos usyyaemoro JIPC MoxHO
BbIIENNTb XapaKTePHbIe ANA MMAPOKCUNBbHBIX FPYNN LUKIOMNEHTAHMMPAHOBOrO CKeNleTa BasenoTpMaToB Monochl nornoeHns: 3296-3280 cm™.
CnoxHas nosioca NornoweHus B o6nacty 2958-2844 cm™ obycnosnieHa BaJIeHTHbIMU KONIe6aHMSAMU MHOTOUYNCTIEHHBIX METUIbHBIX Y1 METUNEHOBbIX
rpynn. lebopmaLmoHHble KonebaHna 3TUX e rpynn fatoT XxapakTepHble Nuku npu 1751-1407 cm™ 1 okono 700 cm™ (790-720 cm™ — MaATHNKOBbIe
KonebaHuna meTuneHoBbIX rpynn). Mpun aTom cpenm ocHoBHbIX BAB paHHoro JIPC npeobnapaloT coefuHeHNs, Y KOTOPbIX METUAEHOBbIE FPynMbl
3aMKHYTbl B HEHanpsXKeHHble LMKbl, YTO MPOABAAETCA Nofocamu B uHTepsasne 1420-1400 cm™. Monockl nornoweHns B gnanasoHe 3296-3280 cm™
Ha UK-cnekTpax JIPC nccnepyembix BugoB o6ycnoBfieHbl BafieHTHbIMW KOnebaHUAMM rTMAPOKCUIbHON FPYMMbl B MEXMONEKYNAPHbIX BOLOPOLHbIX
cBA3Ax. Ha 0OCHOBaHM MOy YeHHbIX AaHHBIX OblIN PaCCUMTaHbl TEPMOAMHAMMYECKE XapaKTePUCTVKM BbIABNIEHHbIX CBA3eN, Taknx Kak sHepruA (E,)
n anuHa (R). BanenoTpuraTtbl, cofep alime LUKNoNeHTaHNMpPaHOBbIV CKeNeT C 5 rmapOoKCUbHBIMU FPYMNamu — TOIMIMAPOOKCMLUMKIONEHTaHMUPaH,
B n3yyaemom JIPC, no paHHbiM UKC, obpasyioT nonnaccoumaTbl C XapakTePHbIMU YacToTamu nornouexus npy 3400-3200 cm™. BbiABeHHbIE B
CneKkTpe cneynduryeckme 4acToTbl MOXKHO CUMTATb XapPaKTEPUCTUYECKMMI ANA ONpPeAeNeHHOro BUAa CbipbA BasiepuaHbl 1 NCMONb30BaTh UX B
KauecTBe MapKepoB Npwv onpeaeneHnn NOAANHHOCTI U BULOBOW NpuHaanexxHocTn metogom VKC.

3aknioveHue. [poBefeHHble MCCeAOBaHUA MOKasanu, 4to c nomouwbio metofa WUK-Oypbe-cnektpockonuu HMBO MOXHO nonyuntb
nHameuayanbHble UK-cnekTpbl JIPC pasnunuHbix Mopdonornyeckux rpynn. MNonyyeHHble faHHble, B LENOM, CBULETENbCTBYIOT O CXOXKECTU
XVIMUYECKOrO COCTaBa ABYX GIM3KOPOACTBEHHbIX BUAOB BajlepuaH, 3aroTOBNEHHbIX Ha TeppruTopun BopoHexckon obnacTty, 4To 060CHOBbIBAET,
B AOMOIHEHUN C APYrMMU UCCIeAOBaHUAMU COCTaBa MeTabosioma, BO3MOXHOCTb MX WCMONb30BaHUA Hapsagy C OPuLMHaNbHbIM CbipbeMm
BasiepuaHbl fekapcTBeHHoW. MeTogom MK-cnekTpockonun ycTaHoBIEHO 06pa3oBaHie BOJOPOAHBIX CBA3EN U NX XapaKTep Mexay MoneKynamu
BAB B nsyuaemom JIPC. lNonyuyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O NMEPCNeKTUBHOCTM MCMO/b3yeMOro MeTofa ANA SKCNpPecc-OLeHKN
nognuHHoctn JIPC.

KnioueBble cnoBa: KOpHeBMUa C KOPpHAMU, TpaBa, BanepraHa BO/IXKCKaA, BalepnaHa COMHUTENIbHAA, MK-CI’IGKTpOCKOI'II/IH, BOAOpPOAHAA CBA3b,
MapKepHble NONOChI NornoweHuna

KoH$pnuKT nHTepecoB. ABTOpbI AeKNaprpyoT OTCYTCTBME ABHBIX U NOTEHLMANbHBIX KOHIMKTOB MHTEPECOB, CBA3aHHbIX C Mybnukaumeil HacToALeln
cTatbm.

Bknap aBTopoB. O.A. KonocoBa ocCylecTBAAN 3aroTOBKY U CyWKy 06pa3uLoB Cbipbf, U3MeNibyeHne K npoBefeHuto aHanusa. O. B. TpuHeesa
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Abstract

Introduction. Recently, IR spectroscopy has been increasingly used to identify various groups of biologically active substances (BAS) in plant
objects. It is known that plants are capable of accumulating various BAS. Currently, there is no reliable, complete and accessible database of IR
spectra of medicinal plant raw materials (MPR), which has a multicomponent composition, which is necessary for solving specific practical
problems. It is of interest to use express methods of non-destructive testing for the purpose of identifying medicinal plant raw materials, as well
as differential diagnostics of closely related species and various varieties of medicinal plants, which allow the analysis of raw materials in the
shortest possible time, while maintaining the possibility of further vegetation. These types of difficult to distinguish raw materials include 9-14
(according to various sources) closely related plant species of the genus Valeriana, included, according to the accepted classification of V. I. Grubov
with additions and changes by V. N. Voroshilov in the collection cycle (V. officinalis L.) of the Officinales Grub. series, and are characterized by an
extremely similar composition of the metabolome.

Aim. The purpose of this study was to study the possibility of using IR spectroscopy for the identification of MPR of Valeriana wolgensis Kazak. and
Valeriana dudia L.

Materials and methods. The objects of the study were rhizomes with roots, grass of Valeriana wolgensis Kazak. and Valeriana dudia L. Samples
were col-lected in the Voronezh region in 2019 on the banks of the Ikorets river in the village of Sredny lkorets, Liskinsky district and in the vicinity
of the village of Belogorye, Podgorensky district. IR spectra were obtained without preliminary sample preparation on a IR Fourier spectrometer
VERTEX 70 (Bruker, Germany) by the disturbed total internal reflection method and subsequent pro-cessing with the OMNIC or GRAMS 4/32
program.

Results and discussion. In all spectra of the studied samples, absorption bands reflecting the general chemical composition were found.
Similar absorption bands were observed, differing only in intensity. The spectra of similar groups of raw materials (herbs and rhizomes with
roots) of the studied species of Valeriana were especially close to each other. In the IR spectra of the powders of the medicinal product under
study, one can distinguish absorption bands characteristic of the hydroxyl groups of the cyclopentanepyrane skeleton of valepotriates: 3296—
3280 cm™. The complex absorption band in the region of 2958-2844 cm™ is due to stretching vibrations of numerous methyl and methylene groups.
Bending vibrations of the same groups give characteristic peaks at 1751-1407 cm™ and about 700 cm™ (790-720 cm™ - pendulum vibrations of
methylene groups). At the same time, among the main BAS of this medicinal product, the dominant compounds are those in which the methylene
groups are closed in unstressed rings, which is manifested in bands in the range of 1420-1400 cm™. The absorption bands in the range of 3296-
3280 cm™ in the IR spectra of the medicinal product of the studied species are due to stretching vibrations of the hydroxyl group in intermolecular
hydrogen bonds. Based on the data obtained, the thermodynamic characteristics of the identified bonds, such as energy (E,) and length (R),
were calculated. Valepotriates containing a cyclopentanepyran skeleton with five hydroxyl groups - polyhydrooxycyclo-pentanepyrane, in the
studied medicinal plant, according to IR data, polyassociates are formed with characteristic absorption frequencies at 3400-3200 cm™'. The specific
frequencies identified in the spectrum can be considered characteristic for a certain type of raw material of Valeriana and can be used as markers in
determining the authenticity and species by the IRS method.

Conclusion. The studies have shown that the IR Fourier spectroscopy of the disturbed total internal reflection can be used to obtain individual
IR spectra of MPR of various morphological groups. The data obtained, in general, indicate the similarity of the chemical composition of two
closely related species of valerian harvested in the Voronezh region, which, in addition to other studies of the metabolome composition, justifies
the possibility of their use along with the official raw material of Valeriana officinalis L. The formation of hydrogen bonds and their character
between BAS molecules in the studied medicinal product was established by IR spectroscopy. The results obtained indicate that the method used
is promising for the rapid assessment of the medicinal product authenticity.

Keywords: rhizomes with roots, grass, Valeriana wolgensis Kazak. and Valeriana dudia L., IR spectroscopy, hydrogen bond, marker absorption
bands
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BBEAEHUE B MOC/efHee BPeMs BCe yalle WCMOMb3yeTcA L)1 BbisiB-

H . NeHNA PasnMYHbIX TPYMN OGMONOrMYeckn akTUBHBIX Be-
acToAwWwmMiA 3Tan pas3BUTMA papMakorHOCTUYECKOro

aHanM3a NeKapCTBEHHOTO PacTUTENbHOro chipba (JIPC)  WECTB (BAB) B pacTutenbHbix obbektax [1-5]. MKC aB-
TpebyeT NPUMeHeHNA COBPEMEHHbIX CMEKTpasibHbIX Me-  JIAETCA GyHAAMEHTA/IbHBIM ~ METOAOM  UCCIIe0BaHNA
TopoB. B uactHocT, B nuTepatype WK-cnekTpockonua  CTPYKTYPbl XMMUYECKUX coeauHeHun. VIK-cnekTpbl norno-
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WEeHWA, OTPaXeHUA WM PACCeAHUA HecyT upe3Bblyail-
Ho 6oraTyto nHbopmMaLMio 0 CoCTaBe 1 CBOWCTBax NpPoobbl.
Mo WMK-cnekTpy MOXHO uaeHTUGMUMpPOBaATb uccnenye-
Mblli 06pa3eL, onpefenuTb ero OCHOBHOWM COCTaB, OOHa-
PYXUTb MpuMecK, NPoBecTn GpakUUOHHBIA UK CTPYK-
TYPHO-TPYNNOBON aHanu3. Metogom KoppenAaumoHHOro
aHanu3a no WK-cnektpy npobbl TakxKe MOXHO onpefe-
NUTb ero GUsnKo-xmmmuyeckme unm 6uonornyeckue xa-
PaKTepUCTUKK, HanpuMep, BCXOXECTb CEMSH, Kanopwuii-
HOCTb MULLEBbIX MPOAYKTOB, XUMNYECKMIA COCTaB, pa3mep
rpaHyn, MIOTHOCTb U T. A. B HacToAwee Bpema nmetoTca
JoctynHble 6a3bl MK-cnekTpoB nekapcTBeHHbIX npena-
[paToB, TOKCMYHbIX BELLECTB, CTEPOUAOB U APYrux Co-
e[IHEeHNI, UMeloLWMX, B OCHOBHOM, OJHOKOMMOHEHTHbI
cocTasB.

M3BecTHO, uUTO pacTeHUs CMOCOGHbI HaKaniMBaTb
pa3Hble BAB. B HacToAee Bpema OTCYTCTBYeT AOCTOBEp-
HaA, nonHaa n goctynHasa 6a3a MK-cnektpos JIPC, nme-
foLLlero MHOrOKOMIMOHEHTHBIWM COCTaB, Heobxoaunmasa ans
pelleHnA KOHKPEeTHbIX npakTuyeckux 3agay [1-5]. MNpea-
CTaBNsieT UHTEpeC WUCMONb30BaHUe ANA Lenein uaeHtndu-
Kaumm JIPC, a Takke anddepeHuUmnanbHON AUAarHOCTUKN
6/IM3KOPOACTBEHHBIX BMAOB U PA3/IMUHbIX COPTOB Jie-
KapCTBEHHbIX pPaCcTeHMI 3SKCMNpPecc-MeTOA0B Hepaspy-
LIAOLEero KOHTPONA, KOTopble MO3BOJMAT MPOBOAUTL
aHanu3 cbipbs B MaKCMMaJIbHO KOPOTKOE BPEMs, COXpa-
HAA BO3MOXHOCTb flanbHenwen seretauuun. K Takum Bu-
JaM TPYAHOPa3NNUYMMOro Cbipbs OTHOCATCA OT 9-14 (no
pa3HbIM JaHHbIM) 6IU3KOPOACTBEHHBIX BUAOB pacTeHus
popa Valeriana, BxopAwmx, cornacHO NPUHATON Knac-
cudukaumm B. U. Tpybosa (1958 r.) c gononHeHUAMU U
n3meHeHnamun B. H. Bopowwunosa (1959, 1975 rr.) [6, 7]
B c6opHbii umkn (V. officinalis L.) paga Officinales Grub.,
N XapaKTepU3yLKMXCA Ype3BblYaiHO CXOAHbIM COCTa-
BOM MeTabonoma [8] n ocobeHHocTAMM aHaTomun [9]
(tabnuua 1).

Ona npentnomnkaymm JIPC moxeT 6biTb 6oniee 0Ob-
eKTUBHbIM Mcnonb3oBaHve WK-cnektpockonun ¢ Oy-
pbe-npeobpazosaHuem. Mpu ncnonb3oBaHUM MeToaa Ha-

Ta6nuua 1. Xapakrepuctuka o6beKToB nccnegoBaHus [13-28]

Table 1. Characteristics of research objects [13-28]

PYLIEHHOro MONIHOrO BHYTpPeHHero oTtpaxeHusa (HMBO),
B KauyecTBe OOBEKTA MCCEfOBAaHMA MOXKET BblCTynaTb
n3MesnbyeHHoe [0 Heobxoaumbix pa3mepos JIPC. B cBs-
31 C 3TUM MpPeAcCTaBNAEeTCA aKTyaNlbHbIM M3Yy4YeHune BO3-
MOXHOCTW Ucnonb3oBaHna metofda MK-cnektpockonun ¢
Dypbe-npeobpa3oBaHnemM Afid OLEHKM MOAJMHHOCTU
JIPC. CneglyeT OTMETWTb, UTO MCMOJSIb3OBaHME [AaHHOro
meTofa B aHanuse JIPC KpaliHe Mano pacnpocCTpaHeHo,
NUWb B HEKOTOPbIX paboTax NprBOAATCA pe3ynbTaTbl Ta-
Knx nccnegosaHun [1-5, 10-12].

OcHoBHbiMK gencTeytowmmmn bAB nogsemHbix opra-
HOB BaJiepuaHbl, 0OYCIIOBAVBAOWUMA LIEHHOCTb [aH-
HOrO pacTeHMA U BbICOKYID BOCTPebOBaHHOCTb Ha dap-
MaLEeBTUYECKOM pPbIHKE JIeKapCTBEHHbIX PacTUTENbHbIX
npenapaToB Ha ero OCHOBE, ABNATCA BaienoTpuaTbl 1
3drpHOE Macno, CTPYKTYpPHble GOPMYsibl OCHOBHbIX KOM-
MOHEHTOB KOTOPbIX MPefCTaBNeHbl Ha pUCyHKe 1.

Banenompuamel — 3TO 3n0KcuAbl OGULMKANYECKMX
MOHOTEPNEHOBbLIX VMPUAOMAOB, B KOTOPbIX LMKIOMNEH-
TaHMMPAHOBbLIN CKeNeT MMEeeT 5 rMAPOKCUAbHBIX TPynn
(mnonurngpookcMumknoneHTaHnupaH). [lea ruMppokcu-
na obpasoBanu 3MNOKCWA, a OCTanbHble Tpu 3Tepudum-
poBaHbl anupaTUYeCKUMN KNCOTaMn: OOUNH — YKCYCHOWR,
a ABa - M30BaNiepUaHOBON KUC/IOTOM WKW ee Mpoun3Bof-
HbiMW. OCHOBHbIMU BanenoTpuatamy ABASAIOTCA BanTpar,
M30BanTpar, aueBanTpaT, AuapoBanbTpaT. Kak n3BectHo,
NPy BbICYLUIMBAHUN CBEXEBbIKOMAHHbIX KOpPHeN Bane-
noTpuaTtbl YaCTUYHO MNOABEPralTCA SH3MMATUYECKOMY
pacwensieHnto ¢ obpasoBaHMeM CBOOOAHOWN u30Bane-
pUaHoOBOW KUCNOTbl U ee NPOU3BOAHbLIX U Mpugonga —
6apapuHans [13].

Hanbonee BaXXHbIMU KOMMNOHEHTaMN 3QUPHOro Mac-
na ABNATCA CNOXHbI 3¢Mp 6opHeona c m3oBanepu-
aHOBOW KUCNOTON - OGOpPHWAU30BanepuaHat, npuaa-
IOWNA KOPHEBULAM C KOPHAMU XapaKTepPHbIA 3anax.
B cymmapHoM Buge B Macie OOMUHUPYIOT MPOU3BO-
[IHble 60pHeonNa, B YaCTHOCTV 6opHunaueTaT. B He6onb-
WIOM KONMYeCTBE MPUCYTCTBYIOT CECKBUTEPMEHOUAbI
N apomatmueckne npowussogHble. CnefoBaTenibHO, AnA

dudia L.

Ne n/n O6beKT uccnegoBaHna Xvimnuyeckuni coctas
No Object research Chemical composition
XuMpryecKkuii coctaB TpaBbl NpeACTaB/eH, B NepByto ouepeab, dnaBoHougamu, aMMHO-
KUCNIOTaMu, OPraHNYeCcKUMIN 1 MAPOKCUKOPUYHBIMU KNCIOTaMK, caxapamu, yOunbHbl-
Tpasa BB n BC Mu 1 apyrumn BAB. MpurcyTcTBytoT cBOGOAHbBIE BanepnaHoBasn 1 BanepeHoBas KUCIOTHI,
1 Grass Valeriana wolgensis Kazak. and Valeriana | cnepbl Banenotpuatos

The chemical composition of the herb is represented, first of all, by flavonoids, amino
acids, organic and hydroxycinnamic acids, sugars, tanning and other biologically active
substances. Free valeric and valerenic acids, traces of valepotriates are present

KopHesua ¢ kopHamu BB n BC
2 Rhizomes with roots Valeriana wolgensis Kazak.
and Valeriana dudia L.

CopepxaT fo 2 % 3¢UpHOro Macsa, B COCTaB KOTOPOro BXOAAT GOpHeon, nsosanepua-
HOBas KMCnoTa, 6opHUAM30BanepuaHart, NMHEH, TEPNNHEON, CecKBUTeprneHouabl (Bane-
peHarnb, BaNlepeHOH), a Takxke CBOOOAHbIe BallepuaHoBas 1 BanepeHoBas KUCoThl, oT 0,8
10 2,5 % BanenoTpmaTtoB (BanTpart, N30BanTpart, aueBanTpaT, AUrnapoBantpart, u3o-Bane-
poKCUANIMAPOBaNTPaT, BanepeanH, BanexiopuH, 7-3nnaesaueTun3oBanTpar), Tputep-
neHoBble MUKO3Uabl, Ay6UbHbIE BeLLecTBa, ankanonabl, OpraHNYecKre KNCnoTbl

They contain up to 2% of essential oil, which includes borneol, isovaleric acid,
bornilisovalerianate, pinene, terpineol, sesquiterpenoids (valerenal, valerenone),
as well as free valeric and valerenic acids, from 0,8 to 2,5% valepotriates (valtrate,
isovaltrate, acevaltrate, dihydrovaltrate, iso-valeroxyhydrovaltrate, valeredin, valechlorin,
7-epidezacetylisaltrate), triterpene glycosides, tannins, alkaloids, organic acids
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Figure 1. Structural formulas of the main active biologically active substances of underground organs of Valerian of various types
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NK-cnekTpoB JOMKHO ObiTb XapaKTepHO HalMune VHTEH-
CUBHbIX MOSIOC MOMNOLWEHNA, XapaKTepPHbIX AN1A CTOKHO-
3$UMPHBIX N KapOOHWIIbHBIX TPYMM, SMOKCUAHbBIX CTPYK-
Typ, KMUCIopoAcoAep)alimx reTepoLmnKoB, Henpeaesb-
HbIX CKENETHbIX U apPOMaTUUECKKX CBA3EN.

XnMnyecknini coctaB HaA3eMHbIX OpraHoB Aake dap-
MaKoMerHOro BuAa BanepuaHbl U3yyYeH HeAoCTaTOYHO.
OpHako Ha OCHOBaHWM MMEIOWMXCA CBEAEHWN, Kpome
BbllIeyKa3aHHbIX MaKCMMYMOB, MOXHO MNPeAMNonoXuTb
Hanvymne nonoc, CBONCTBEHHbIX GEHONbHOMY MMAPOKCU-
ny ¢naBoHoMoB, AyOMNbHbLIX BELWECTB U FMAPOKCUKO-
PUYHBIX KUCIOT.

Llenblo HacToAWlero nccnepoBaHnA ABNANOCH U3-
yyeHne BO3MOXKHOCTM npumeHeHuna VIK-cnekTpockonum
AnA vaeHTUMKaUMM NeKapCTBEHHOrO PacTUTENbHOMO
CblpbA BanepuaH COMHUTENbHOW 1 BOMMKCKON.

MATEPWUAJIbI U METOAbI

O6beKkTaMn MCCefoBaHWA CYXUNYM KOPHeBMLLa C
KOpHAMK, TpaBa BanepuaHbl Bosxkckon (BB) (Valeriana
wolgensis Kazak.) n BanepuaHbl comHutenbHon (BC)
(Valeriana dudia L.). O6bpa3ubl 6binn 3aroToBneHbl B Bo-
poHexckol obnactn B 2019 r. Ha 6epery peku Vkopel,
B cene CpegHun Wkopey JIMCKMHCKOro panioHa u B
OKpecTHOCTAX cena benoropbe MNopgropeHckoro panoHa.
Cblpbe 3aroTaBfMBanun COrMacHO OOLLENPUHATBIM MPaBU-
nam. lNoasemHble opraHbl 3aroTaBAMBany B KOHLE CeH-

TAGpA. TpaBy 3aroTaBnvBany B MIOHe MecALe B Nepuop
MaccoBoro useTeHnaA. CyLIKy OCyLIeCTBAANM BO3AYLIHO —
TEHEeBbIM CMOCOOOM.

M3yyeHne nOONMHHOCTM OOBEKTOB WUCCIeAOBaHUA
metogom VNKC npoBeaeHbl C MOMOLLbIO HayUYHO-TEXHUYe-
ckon 6a3bl LleHTpa KonnekTMBHOro nosib3oBaHWA Hayu-
HbIM 06opypoBaHuem BIY. VK-cnekTpbl 66111 nonyyeHsbl
6e3 npenBapuTenbHOM NPoOGONOAroToBKM Ha npubope
NK-Oypbe-cnektpometp VERTEX 70 (Bruker, FepmaHuA)
meTogom HIMBO m nocnepytoleli 06paboTkoin nporpam-
Mot OMNIC nnn GRAMS 4/32.

PE3YJIbTATbl U OBCYXAEHUE

CornacHo BbIABUHYTOM Hay4YHOW runotese usyye-
Hue nony4veHHbix NK-cnekTpos JIPC nokaxeT HeKoTopble
OTIUYNA B PUCYHKE U CTEMEeHN MHTEHCUBHOCTU MONOC
NOrnoweHna Ana Kakgoro BUAa CbipbA B BMAY He3Ha-
YNTENbHBIX Pa3NUMA B XMMUYECKOM cOCTaBe (CM. Tab-
nugy 1). Bug nonyyeHHbIX CneKTpoB npefcTaBneH Ha
pucyHke 1.

[lmana3oH OCHOBHbIX KonebaHW MOMNEKYN, Ha3blBa-
eMblli «cpefiHMI MHGPAKPACHbIN», NEXNUT MeXay BOJIHO-
BbiMU uncnamu oT 4000 go 400 cm’'. Bo Bcex criekTpax
nccnefoBaHHbIX 06pa3LoB 06HapyKeHbl MONOChI MNOrI0-
LeHUs, oTpaXkalolye OO XUMUYECKU COCTaB (pu-
CYHOK 2). Habnoganucb cxofHble Noochl NOrNOWeHNs,
OTNNYaBLWINECA NNLWb UHTEHCMBHOCTbI0. OCO6EHHO 6/113-
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0,975 - ‘/ {("’“"—
‘ .'v': See e ”I;!“
0,95 / ] S
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0,9 -
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0.85 - / 1 ——— KopHeBMLLie ¢ KOPHAMU BaiepuaHbl BOJRKCKOM
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082541 J ¢t 0 em=-- KopHeBuLle c KOpHAMU BanieprmaHbl COMHUTENIbHOM
’ Rhizome with the roots of Valeriana dudia L.
NIV e
0,8 J;g'."\} / == == TpaBa BanepuaHbl BONKCKON
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PucyHok 2. UK-cneKTpbl aHannsmnpyemoro cbipbs BasiepunaH (n = 3) B AnanasoHe cpefgHMX 4acToT

Figure 2. IR spectra of the analyzed raw material Valerian (n = 3) in the range of medium frequencies
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Ku mexgy cobon 6bliv cnekTpbl OAHOMMEHHbIX Fpynn
CblpbA (TPaBbl U KOPHEBMLY C KOPHAMK) MU3yYaeMblX BU-
[0B BaniepuaH.

B WK-cnektpax nopowkoB usydaemoro JIPC mox-
HO BblAeNUTb XapaKkTepHble ANA MMAPOKCUAbHbBIX FPynn
LMKNOMNEHTaHMNPAHOBOrO CKefleTa BasienoTpuaTtoB Mo-
nocbl nornoweHus: 3296-3280 cm’. CnoxHaa nosoca
nornoweHna B obnactm 2958-2844 cm' obycnosneHa
BaJIEHTHbIMN KONebaHWAMW MHOTOUUCIIEHHBIX MeTWIb-
HbIX 1 MeTuneHoBbIX rpynn. JebopmaLunoHHble Koneba-
HUA 3TUX e rpynn JaloT XapaKTepHble nuku npun 1751-
1407 cm™ n okono 700 cm™ (790-720 cm™ — MaATHUKOBbIE
KonebaHua meTuneHoBbIX rpynn). MNpu 3Tom cpegn oc-
HoBHbIX BAB paHHoro JIPC npeobnagaloT coefunHeHus,
Yy KOTOPbIX METWIEHOBble TpPynnbl 3aMKHYTbl B HeHa-
NPAXeHHble LMKMbl, YTO NPOABAAETCA MONoCaMn B WH-
TepBane 1420-1400 cm’. MKk Ha cnekTpax npu 1600-
1500 cm’ roBOPAT O NPUCYTCTBUM apOMaTUYECKMX CO-
eauHeHnn. MnaeBHaa nosioca npu 1629-1604 cm’' BbI-
3BaHa [BOWHON CBA3bI0 KMCIIOPOAHOrO UMKNa Banenot-
puatoB. HekoTopble Monocbl B 3TOM AUANO30He Xa-
pakTepHbl Ans 6eH3onbHOro fAgpa. Monoca B paiioHe
1720 cm' xapakTepHa Afia auuIMpPOBaHHOW KoderHOoM
Kncnotbl [29-33].

CuvnbHbI MUK npu 1460-1440 cm' - pedpopmauu-
OHHble KonebaHna —CH— B —CH,—, nuk cnabon nH-
TeHcuBHOCTM npy 1440 cm”’ - coBMecCTHasi nosoca
BaNieHTHbIX konebaHnin C—O 1 NIOCKOCTHbIX fedopma-
LUMOHHbIX KonebaHnin —OH B —COOH. Heobxogumo oT-
METUTb Fpynny cnabbix nosoc B obnactu ot 1200 cm™' go
1400 cm', uTo xapakTepHo ana koneb6awun B —CH,—
KapOOHOBBIX KUCIOT, YAC/IO KOTOPbIX JAET CBeAEeHUA O
LNNHe yrnepogHon Luenu.

Memodsl ananusa nekapcmeeHHbIX cpedcme
Analytical Methods

Koneb6aHus, cBAzaHHble ¢ rpynno C—O—H: R—
O—H (uactoTbl 1450-1250, 750-650 cm™), nepBuYHbIE
cnupTbl (Yactotbl 1075-1000, 1350-1260 cm'), BTOpMY-
Hble cnMpTbI (YacTtoTbl 1350-1260 cm™), TpeTnUHble cnup-
Tbl (4acToTtbl 1170-1100, 1410-1310 cm), deHonbl (Yac-
TOTbl 1270-1140, 1410-1310 cm’), KonebaHuA rpynn
KapOOHOBbBIX KWC/IOT: BaJieHTHble KonebaHus rpymnn
COOH (yacTtoTbl 1760; 1725-1700 cm™’), cBA3aHHble OH-
rpynnbl (4actotbl 3300-2500 cm), niobble rpynnbl OH
(4acTtoTbl 995-890 cm), konebaHus C—O cBnasen (yac-
ToTbl 1320-1210 cm™); KonebaHna C—O—C B adupax
apomaTmyecknx Kncnot (dactotol 1300-1250 cm™) [29-
33]. OTHeceHMe XapaKTepUCTUYECKUX YacToT Moraoule-
HuA B MK-cnekTtpax JIPC nccnegyembix BUOOB BanepuaH
npueeaeHo B Tabnumuax 2 n 3.

AHanm3 CnekTPOB MOKa3bIBaET, UTO MPAKTUYECKN Y
BCcex nccnegyembix Bugos JIPC ¢ pa3nnyHoOn cTeneHbio
WHTEHCUBHOCTU MPUCYTCTBYIOT MOMOCHI MOTIOWEHNA B
YKa3aHHbIX AMana3oHax yacToT (cm. Tabnuyy 3), 4To Mo-
eT ObITb NCNONb30BaHO ANA LieNieil yCTaHoBIeHNUA nog-
JINHHOCTM U pobBpoKavecTBeHHOCTU paHHoro JIPC, un
CBUAETENbCTBYET O HEKOTOPOM YCTOMUYMBOCTM COCTaBa
BAB B cbipbe pacTeHuin paga Officinales Grub.

CBobofHaa rnApoKCMNbHaA rpynna, Kak W3BecT-
HO [29-33], maeT MakcMmanbHoe nornouweHne npu 3750-
3700 cm™. Mo gaHHbIM aBTOpOB [34, 35], nonockl norno-
weHna B uHTepBane 3650-3200 cm’ xapakTepusytoT
Hanuure rpynnbl —OH B MeXMoneKynsapHbIX BOAOPOA-
HbIX CBA3AX. JTO O6GYC/NIOBNEHO Tem, YTO Mpu obpaso-
BaHWM BOAOPOAHOWN CBA3WM CUoBaA MOCTOAHHAA CBA-
3n O—H ymeHbluaeTcs, a Nofoca MOXeT CABUraTbCcA A0
3500-2500 cm [34, 35]. Yem npoyHee BO3HMKalOLLee B3a-

Ta6nuua 2. XapakrepucTnyecKkiue 4acToTbl nornoujeHus B nony4yeHHbix MK-cnektpax nsyuyaemoro JIPC

Table 2. Characteristic absorption frequencies in the obtained IR spectra of the studied medicinal plant raw materials

nPC TpaBa KopHeBuLa c KOpHAMM
MPR Grass Rhizomes with roots
Valerian: II:/ol ensis BC Valerian: 3/0[ ensis BC
g Valeriana dudia L. g Valeriana dudia L.
AvnanasoH Kazak. Kazak.
YacToTr v, cm™ (Ha cneKTpax)
Frequency range v, cm™ (on the spectra)
3600-3200 3280 3284 3288 3296
2912 2918 2939 2958
2960-2850 2844 2850 - -
1728 1731 - 1751
2000-1600 1606 1604 1629 1608
1556-1512 - - 1514 1508
1460-1450 141 141 1407 1419
1371 1373 1375 1367
1380-1300 1325 1319 1325 1325
1244 1245 1269 1238
1161 1149 1163 1172
1280-1010 - 1095 1060 1076
1014 1020 1016 1016
840-800 - - 871 860
750-720 773 763 767 763
720-600 - 609 - -
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Ta6bnuua 3. OTHeceHMe XxapaKTepucTMYecKnUX 4acToT nornouieHns B nony4yeHHbix MK-cnekTpax nccnegyemoro JIPC

Table 3. Assignment of characteristic absorption frequencies in the obtained IR spectra of the investigated medicinal plant raw materials
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Lmﬂso:ir(n :OM:XOM?::); BaNeHTHble KonebaHus O—H B mex- | 3650-3450 (gumepbl);
3296-3280 CunbHaa C)BIFBFFl)X AOPOA MOJEKYNAPHbIX BOAOPOAHbBIX €BA3AX | 3400-3200 (nonnaccoumatbl) CunbHaa
Strong - O-H stretching vibrations in intermo- | 3650-3450 (dimers); Strong
Hydroxyl in intermolecu- .
lecular hydrogen bonds 3400-3200 (polyassociates)
lar hydrogen bonds
CunbHaa BaNIeHTHble KonebaHnA ceAzen
2958-2844 Strong stretching vibrations of bonds 2960-2850
accmeTpuyeckre aedpopmaLMoHHble
KonebaHua rpynn CunbHas unm
1420-1404 C—CH asymmetric bending vibrations of 1460-1450 OYeHb CUNbHaA
CpepHss C—CH, groups Strong or very
Average cuMmeTpuyeckre  aedpopmaLMoHHble strong
1375-1319 konebawnrpynn 1380-1300
symmetric bending vibrations of
groups
BaNeHTHble KonebaHus ceasn C=C apo-
CunbHaa MaTMyecKoro agpa rpynna nonoc 2000-1600 Cnabas
1630-1600 —HC=CH— . . .
Strong stretching vibrations of the C=C bond band group 2000-1600 Weak
of the aromatic nucleus
1269-1149 Cpeanns CYMMETPUYECKNE N accMeTpuyeckme
Average KonebaHusA BaneHTHbIx cBsizenn C—O CunbHaa
C—OH . L . 1280-1010
1095-1014 CunbHas symmetric and asymmetric vibrations Strong
Strong of C—O valence bonds
1095-1014 CunbHaa CTpyKTypa nupaHa _ 1097 OueHb cunbHasn
871-860 Strong Structure pirane 813 Very strong
773-763 CpepHsasn —CH (—CHZ—)A, cKeneTHble 750-720 CpegnHas
Average 2 (—CH,—),, skeletal Average
CunbHas BaJIEHTHOE, CUMMETPUYECKOE, KapOOoK- Coenmas
1375-1319 —C—0— cunaT-voH 1400-1300 pea
Strong . . Average
valence, symmetric, carboxylate ion
CunbHas RCOOR BaneHTHoe, C=0, HacbllleHHas CunbHas
1751-172 1750-17
3 8 Strong RCOR valence, C=0, saturated >0-1730 Strong
870-860 CpegHsana —CH ,D,ed)OpMa!.lMOHHoe, =C—H 885-855 CunbHas
Average deformation, =C—H Strong
773-609 CpepHsasn C—H ue¢opmagm0HHoe, —C—H 745-705 CunbHasa
Average deformation, —C—H Strong

MMOLENCTBME, TEM HWXKE YacToTa KonebaHui. lNMonocobl

KNUCIOpOoACoAep alLMX TeTepoLunKIIoB

AaHHble CBA3U

nornoLleHna B ananasoHe 3296-3280 cm’ Ha UNK-cnekT-
pax JIPC uccnegyembix BUoB (CM. pucyHok 1) obycnos-
NeHbl BaNIeHTHbIMY KONebaHNAMN TMAPOKCUNIBHON rpyn-
Nbl B MEXMONEKYNAPHbIX BOQOPOAHbIX CBA3AX. Ha OCHO-
BaHMM MOJTYUYEHHbIX [aHHbIX OblIM paccunTaHbl TepMmo-
OVHaMMyecKkne XapakTepuctnku [29-35] BbIABNEHHbIX
CBA3eN, TakMX Kak 3Heprus (EH) n pnuHa (R), koTopble
npeacTaBneHbl B Tabnuue 4.

CornacHo pgaHHbIM aBTOpOB [34, 35], BbiABNEHHble
MeXKMOJIeKyIApHble BOAOPOAHbIe CBA3M OTHOCATCA K TU-
ny CUIbHbIX CBA3EN, TaK KakK dHeprua ux npesblaeTt
5 KKkan/monb, a AnuHa okono 2,7 A.B cnyyae GeHonos,

MOTyT NPUBOANTL K 06pa3oBaHuIo Lienen, ANMepOoB, KO-
ney MAn NPOCTPAHCTBEHHbIX ceToK [29-35]. Banenotpu-
aTbl, cofepXalime UMKIONEeHTaHNMPAHOBbLIN CKeneT ¢
5 rmgpoKcuabHbBIMK FpynnamMmu — NOAUIUAPOOKCULINKIIO-
neHTaHnupaH, B nsyyaemom JIPC, no paHHbiM UKC, 06-
pa3yloT nonvaccoumatbl C XapaKTEPHbIMKU YacToTaMu
nornoweHusa npu 3400-3200 cm’!, Toraa Kak ¢opmmpo-
BaHVe AnMepHbIX CTPYKTyp BAB ¢ yuyactnem rmgpokcusb-
HbIX Fpynn pasnn4yHoOM MpuUpoAbl NPMBOAUT K NosBfe-
HUIO MoJnocbl B Avana3oHe 3650-3450 cm'. OgHum 13
BO3MO>KHbIX BapraHTOB accoumauumn monekyn bAB asna-
eTcs obpa3oBaHME BOJOPOLHON CBA3N MEXAY KUCIOPO-
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Ta6nuua 4. TepmoanHaMnYecKne XxapakTepnucTUKN MeXMoNeKynsapHbIX BOAOPOAHbIX cBA3en BAB B JIPC
nsyyaembiX BUAOB no gaHHbim MKC
Table 4. Thermodynamic characteristics of intermolecular hydrogen bonds of biologically active substances
in medicinal plant materials of the studied species according to IRS data
E
Ne n/n NIPC YacroTa, cm™’ Av,* cm? L R A
No MPR Frequency, cm™’ Av,* cm™ kfn/mone KKan/mone !
kJ/mol kcal/mol
p |TPasaBB . 3280 420 29,70 7,09 2,745
Grass Valeriana wolgensis Kazak.
Tpasa BC
2 Grass Valeriana dudia L. 3284 416 2942 7,03 2,746
KopHesuwwa ¢ kopHamum BB
3 Rhizomes with roots Valeriana wolgen- 3288 412 29,14 6,96 2,747
sis Kazak.
KopHesuwwa c kopHamu BC
4 Rhizomes with roots Valeriana dudia L. 3296 404 28,57 6.82 2750

MpumeuaHue. * CMeLeHe YacToTbl nornoweHnsa. Dopmynbl pacyeTa TEPMOAUHAMUYECKNX XapaKTEPUCTUK NPYBEAEHbI B paboTax [20-21].

Note. * Offset of the absorption frequency. Formulas for calculating thermodynamic characteristics are given [20-21].

Aom — OH rpynnbl OfHON MONeKysbl U BOAOPOAOM rna-
poKcuna, B ToM yncnie GeHoNbHOro Apyroun.

O6nacTb cnekTpa oT 1100 1 HMXKe U3BECTHA KaK 06-
nactb «oTrneyaTtkoB nanbues». Cioga monagaloT Moso-
Cbl nornouleHns, oteevatowmne konebaHuam rpynn C—C,
C—O0, C—N, a Takxe gedpopmMaLMoHHble KonebaHus. B
pe3ynbTaTe CUIIbHOTO B3aMMOZENCTBMA 3TUX KosiebaHu
OTHEeCeHVe NoNoC MOMNOWEHNA K OTAEeNbHbIM CBA3AM
HeBO3MOXHO. OfiHaKO BeCb Habop MOMOC NOrMoLWeHNA B
3Toli obnacT SABNSAETCA VHAWBUAYANbHOWN XapaKTepuc-
TnKon coepgnHeHnsa. CoBnageHne BCeX MONOC HEU3BECT-
HOro (Mccnegyemoro) BellecTBa CO CMEKTPOM 3aBefo-
MO W3BECTHOrO 3TajloHa ABMAETCA MPeKpacHbIM AOKa3a-
TeNbCTBOM UX MAEHTUYHOCTMW.

AHanm3 CcneKkTpPoB MOKa3bIBaeT, UTO UX PUCYHOK CTPO-
ro cneunduueH Ans Kakgoro Buaa Cblpbs, UTO, NO-BUAK-
MOMY, onpefensaeTcA HEKOTOPbIMM OCOBEHHOCTAMMU XU-
MMWYECKOro cocTaBa (prcyHokK 3, Tabnuua 5).

BbinBneHHble B cnekTpe cneunduyeckne 4actoTbl
MOXHO CUMTaTb XapaKTepUCTUYECKMMMN ANA onpeaeneH-
HOro BMAa CbipbA BajiepuaHbl U UCMONb30BaTb UX B Ka-
yecTBE MapKepoB Npwv onpegeneHnn MNOQIMHHOCTA 1
BMAoBon npuHagnexHoctn metogom MKC (prcyHok 3 un
Tabnuubl 5 n 6). NMocnegHee TpebyeT yTouHeHNA n Gonee
NoApo6HOro M3yyeHNa Ha 06BbEKTaX, BblpaLLEHHbIX U 3a-
FOTOBJIEHHBIX B APYTMX KINMMATUUYECKMX PErMOHaX.

Ona VK-cnekTpoB Tpasbl BanepuaHbl mccnegyembix
BMAOB ObIfI0 XapakTepHO Hanuume cneuynduyeckmx no-
NOC NOrNOLWEeHNA B OT/nuMe OT MOA3EMHbIX OpPraHoB
npu 561, 536 1 491 cm™'. VIK-cnekTpbl KOPHEBULY C KOp-
HAMW MMenun cnepylolme MapKepHble MOnochl, OTAnYa-
lowme mux ot Tpasbl Npu 1076, 570 n 426 cm'. Cnepyet oT-
METUTb, UTO pasHble Mopdonoruyeckne opraHbl (Tpasa
N KOPHEBULLA C KOPHAMW) BanepmaHbl OQHOro BrAa Mme-
nn obwme nonocbl nornoweHus npu 430, 418 n 405 cv™
(pns BanepuraHbl BOMKCKON).

Ta6nuua 5. MapkepHbie nonocbl NOroLWeHNsA B NoNyYeHHbIX UK-cnekTpax nog3eMHbIX OpraHoOB BanepunaH n3y4yaembix BUAOB

Table 5. Marker absorption bands in the obtained IR spectra of underground organs of valerian of the studied species

v, cm™ (Ha cnekTpax)
Nen/n | KopHeBMwwa c KOpHAMN v, cm™ (on the spectra)
No Rhizomes with roots
572-570 | 522-520 | 486-480 | 470 459 a1 432 426 |418-414| 410 403
1 BB + + nneyo B _ _ + _ + + +
Valeriana wolgensis Kazak. shoulder
BC
2 Valeriana dudia L. * * 480 * * * - * * - N
Ta6nuua 6. MapKepHbie NONOCbI NOrnowWeHNA B nony4eHHbix MK-cnekTpax Haf3eMHbIX OpraHoOB BanepunaH nsyvyaembix BUA0B
Table 6. Marker absorption bands in the obtained IR spectra of the aerial organs of Valerian of the studied species
vV, cMm” (Ha cnekTpax)
Ne n/n TpaBa v, cm™ (on the spectra)
No Grass
561 536 518 491 482 474 464 447 430 418 410 405
1 BB - - + - + - + + + + - +
Valeriana wolgensis Kazak.
2 BC + + + + + + + + + + + -
Valeriana dudia L.
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PucyHok 3. UK-cnekTp aHanusmnpyemoro cbipbsA BasniepmaH (n = 3) B 061aCcTh «<0TNEYaTKOB NanbLeB»

Figure 3. IR spectrum of the analyzed raw material Valerian (n = 3) in the area of «fingerprints»
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