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396353Mdsdo. 209005690 9JuEHMIBHIOL  3BOWEHMOIZOM
d0mbbgMol  dsdMdo,  3sLdgargdom 35399 T-MIG O30
33565@bg L30OEHOL LOME FM30gddY, IMRIBo Fywosb
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9935Udgegdom s B8l 35dMMBdO® 35349 3-059OMd
3965500 73mbgm®dgo35L 5630MoOlL 0565mdOLLL.
JwmOHmgm®doon ofi3eogds Bo3engd 3OO0
Bogmoggdgdo.

JodoMo  d9960mdol  dgbfagerol md0gdEHo©  JurmOm-
RMOIom goliB:ms390 Hyamosb bsdml 304gbgdoo.

3903000 Bsby  2ooa3Jmbs  Diaion HP-20-ob  bggd by,
906905l 39bgbom fywom, 50, 80 s 100 % dgmsbmeroo.
0ogd  3M5JgogdL  3oLJIIPEOm 353 NF-CMGGONW
33565@bg L3oOEGHOL O IMEFoEYdSIEY, 350MIMOPOM 35349190
05000 3965530.  F9IRO©  3MIOMMIPOM  FMEIMOVICNO
B03009M9d9d0m Qo bGHIOMOMEO 303MmH0OIYdIOM
39900MYdMYe K 5TOL.
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(63/100; 40/63) U139®9dbY. 9EoMYOsL 39bgbom LobiGgdoom
JmOMmBMOI0-890056MmEo-{igowo 26:14:3;

99900, D. ferruginea-i 3960356309906 godmymazowos 9
LEHIOMOMEO 3w03mbBooO, 2 39M9bMEoo, 3
1960 9056Mm00 s MEoyMbsds®oo.

00mMgwo  0bogomemmMo  bogmogMgdol Lo
JodoMo LAHOIGHMOS sER0bs FoBOIMEM-Jodomo Fohz9690-
W9d0m, 9JOHM- O MMYBEBMI0EYd0sbo doOMZM  Fobodme
69bmbsblmyewo (*H, BC NMR, HSQC, HMBC, COSY) o 9sb-
1399dBHOMLIM300L QodmYgbgdom.

2.3 300gdveo 890093900 s 35000 sbbongs
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396@sme  3-O-B-D-gloem3o6msbmboe-(1-3)-[O-B-D-gowod@m-
30056mbo-(1-2)]-0-B-D-a3m306056mbo-(1—-4)-O-B-D-
395G M30M56mbon  26-O-B-D-a0g3m306056mboen  26-O-B-D-
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20,3B-ome  3-0-B-D-Juoerm3o6sbmBor-(1—3)-[O-B-D-ye0vy-
30306056mbo-(1-3)-0O-B-D-gowsd@m3omsbmbo-(1-2)]-O-B-
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©om  bogbarg@ol  GHodol  93565BHdo s 3)3x0ws3om

JwmOHmgm®domn  350mbsfgeowol 2o xgMEgdsdy. 0
360Hm39Ldo  JemOmam®dom  ofi3Eowgds  JMOHMBOWo @S
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3903XM09bIIYO (9. JggOEGIL0dY) FJPMEO” 35pMIJLIIQO.

50335650,  3090MMIPO®  OZoGMbObL Mg BgMHob
1bgzbowol Lsbom (wo. G9d3. 248-250°C, [a]*p-49°C (C - 1.10;
d05635535). 1.2 %-0l ™m©gbmdom, 53 o300 M30L9dgd0M
9995059905 LBMs 39O E0ME? 3OHMEYYJBHL.

PASS s ACD/I-Lab 959myg9gbgdoom @oyobosD. ferruginea-ls
R0l gJuBHModBHol  dmbowmbawo  IMsz35¢dbMHoz0
13930803IO0 BoMT53MMAOMMO 5JEH03MdS: 3OMI3M3Geo (73,8
%), mdboMEMYYJEHIBL 0b3odoGHmMo (74,7 %), BbyoEOOO
(75 %), Caspase 8 LGHodmwsBmMo (76,3 %), 0d19bmlidMHglmero
(77,9 %), 96&0gmeabidgmobgdmero (81,9 %), ommgbmwo (84,6
%), 395MomGHMbMMo (85,7 %), 9630356330Mmygbmem0 (86,7 %),
bBowgabmdo (87,3 %),  9B6BH0bgm3sbBozméo (89 %),
J99m3693960wo (90,9 %), b6GHo3OMGHMBMGo (95,2 %),
9B6GH03OHMWoxgMs30vwo (95,9 %), Drmyow Lssbsglorgbom (97,4 %)
s Caspase 3 LEH0IMWsEGMM0 (97,8 %). JoEgdMwo 90)A900D
399m30bsmg J0Bsbghmbos doagzsRbos Digitalis ferruginea-ls
RONEYO0L 99bG®sgd@oL 3900353900 dqLfogams,
396L539M9000m LodLogbol J9dm3Mg396300l 0O gdO.
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1.

2.5 sls336900

Lododmnggwmdo dmbsto Digitalis ferruginea — g563m356s
LML (35¢039990  MMABMGdIOL doMomso bsfowos
©96m 40,7 %, gmomeo 31,8 %, 39003503030 12,3 %, gqligo
11,7 % @5 dmwml ogbero 3,3 %.  LEGHIOMOEYWO
6030096909000 439w sHg OIS 3960350300

D. ferruginea — g563m3565 Lo®0MYMH5do 53 335M0OL MoMJdol
939w 5303mbol:  oa0@™Juoagbobol, yo@mdLoggbobol,
00053 0g9b0bol s oamJuloggbobol  [o®mdmgdmero
39696mwogdo dx053609ds. JoMOMS©  39MIIbMEoEIdL
00203 ™Jbodgbobols  Bsffo@Bo  yarozmboogdo  Fgo0y9b9b,
M3 M9035¢M0 Logmeng 3003mH0oEIOoL -
©0204™MJboboly s 539G EOP0GHMJLobol  domgdols
0950 890dgds Bsomzowml

D. ferrugineab 3960350309906 0BMWOOYIOMWO
Q5bHOLOSMYOME05 9 BEBHIOMOEMWO J03mDOEO, Fomysb 3
oo @y 6 36mdomo MmMHRsbMEo 603mogMgdss, MMIGEm
LAHOYIGIOIBO aEHIBOOS.

% (25R)-50-89960HmbGH-20(22)-96-3B,  26-ome  3-O-B-D-
Juo™m306056mbor-(1—-3)-[O-B-D-gowsdBHm3o®msbmbon-
(152)]-O-B-D-a93m306056mbogn-(1—-4)-O-B-D-
23959GM306M56mBo 26-0O-B-D-gv3306560B0©0;

% (25R)-5a-3190mbEob-2a, 3B, 158, 220, 26-396¢sbmen 3-O-B-
D-dboeom306sbmboer-(1—-3)-[O-B-D-gowsdHm3o®sbem-
bo-(1-2)]-O-B-D-33m306056mboer-(1—-4)-O-B-D-
39W59dGHM306M56Mmbon 26-0O--D-gc0m30306560mB00;

% (25R)-50a-L30OHMUE96-20,3B-0m3-O-B-D-Jiowm3oms-
Bbo-(1-3)-[O-B-D-a3m30656mbo-(1-3)-0-B-D-
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393b03mbBoo Bi;

(25R) 50-gm6Hmb@-20(22)-96-20,3B,26-G¢6Gome»  3-O-B-D-

JBo@M30656mBo-(1—-3)-[O-B-D-gamm3030656mBo-

(1-2)]-O-B-D-g30m306560mB0oen-(1—4)-O-B-D-goesd-

GM30056mBon 26-0O-B-D-g30306560mB0©0;

* (25R) 50-g9OHmbEsb-20,3p,220,26-EgEHMomen 3-O-B-D-Juo-
©wM30656mBo-(1—3)-[0-B-D-gemm303060560mBoen-
(1-2)]-O-B-D-g30m306560mB0ogn-(1—4)-O-B-D-gowsd-
A™M306056mBon 26-0O--D-gm303060560mB0©0;

% (25R) 50a-L3oMHMLE6-20,3B-ome  3-O-B-D-Juowm3doms-

bBo-(1-3)-[0-B-D-a30m306056mBoe-(1-2)]-O-B-D-

3303060560 Bo-(1—-4)-O-B-D-gomod@m3omsbmbogo.

X3

2

D. ferrugineals 3960353099906 50MYMBOWOs MEWOYM-
bodooo bLEAHOMIGHMOom - B-D-am3m306M56mbo-(1—->4)-
0-3-0-53930w-B-D-©0030@™Jum306s6mBow-(1—-4)-O--D-
00203 MJbM30MbMBoE-(1—-4)-O-B-D-ogodmduim3oms-
Babow- (1-4) -O-B-D-ogo@mdlm3o®msbmbow-(1-4)-O-B-
D-35650:0306056mB0-(1—-4)-O-B-D-356560H:m30656mBoo

3 3396099600, HMIJMRD 9HDO sbowo mGysbmwo
603009M9dss LEGHOWJGHMGo: 2-(3-0gmdlo,4-3oMmJbogg-
Boa)gmoe O-B-D-g4a30m306056mBo-(1—-3)-O-[a-L-60s96m-
30056mBow-(1-6)]-[a-L-50500bm30656mbo-(1-2)]-4-O-

(E)-539600mo-B-D-a0093m306056mboo, G2d9gelisg
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BIOMAMBoEo A gfims, 2 3o 3bmdowo  50dmRbs:
35gdLMBOO s 3MYMH3MBgMBoo E

D. ferrugineal 3960353009906 0bmwomIdMwos 2
39Ogbmwoo  999gpa0  Jodomdo  LEGHOMIGMOOom:
313,14B,16B-GM030Mmdbo-5B-3500-20(22)-9bmeo  3-O-B-
D-g330306056mB0-(1—-4)-O-B-D-00303 90 m306056mbo-
0 5699 ©00E0bMA 3963 s 3B,14P3,16B-GMo3oMmJlo-
5B-35600-20(22)-9bmeo© 3-0O-B-D-gem3:m306056mBoen-
(152)-0-B-D-0000¢50m30656mBoo - bymoogo@swobxd
30000

60300096M9d5ms  BEGHOWIBHMOYO0  IYIBOs  3ELOIMEO
30b0o3Me-Jodomemo  Igom©Ydom @S  MsbsdgMmazy
139JAHOMWOo  5BsE0DBYdOL - 9P~ S MORBDBMIoGd0s6O
%36 (1H, 13C, HSQC, HMBC, COSY) s 3sb-b3gdGMmlgm3dool
(ESI/MS) g50mygbgdoom

9fmgdmos  LodoMomgzggermdo dmbsto D. ferruginea-ls
099306 3973300900 Jodoo 959GHo30U,
3039H 300 0Q0GHMB0bOL 2odmymaol dsmdx mdglgdwyero
bg@bo, dobo godmbogoeo 1,2 % Jgo0039bl s Fgodergds
2590myg9b9gd9emo 0gbsls 50 d3060 3580 6959GHoz0l
Dom3mgdobsmzgols

BoBggbgdos D. ferruginea-l gduBH®og@oL  dmbowrmobywo
961535¢0dbM030 13930803 MNMO BIMTIIMEOMAOIM0 5dGH0ZMOS:
36OM530m3GMG0o (73,8 %), mdloMMmgwd@EsHsl 0b3odo@memo
(74,7 %), Bwbyoso®O (75 %), Caspase 8 LE0TMESGHMOO
(76,3 %), 0096ml3OHgbmeo (77,9 %), bGHogmegbEg®o-
69dmwo (81,9 %), omdgbrwo (84,6 %), 3oOOMEMbMOO
(85,7 %), 9630356390 myabmG0 (86,7 %), sbsergnzlmmo (87,3
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10.

11.

12.

%), 96&0bgMm3WwslB03meo (89 %), Jgdm3mg3bzomwo (90,9
%), 96GH03OMGHMbMMEGO (95,2 %), 56GH03OMEWOBIOHSF0I0
(95,9 %), Bmyo Losbsgbomgbom (97,4 %) o> Caspase 3
LGHoIYWsGMMo (97,8  %). Fogdmwo 9993906
3900m30bs6g  Jobobdgfimboro  d0y35Bbos  guEG®agd@ob
390M05390wo  Gglfogers,  oblegMmm®mgdom  Lodbogbols
J99369396300L 0O NMEGdO

D. ferruginea-s LoJoMM39wMI0 BSOMMO  A93M(39JOS OO
dobo 900  Jodommo  Fgpabowwmds,  Lbgssbbgs
30L99900L dJmbg 603009M9d900L bgegmwsE Fgodegds
Boomgowmls

305609 mborgds  Imombmgl goaMdgerql D. ferruginea
bsdg0E0bm 3654303580 299mygbgdol bs3ombo
39M0MGHMb0 360)93565¢Jd0L JoLoMgdo.

00600 D. ferruginea -g563m3565 LsomomwEsl dglfiogarol o
3980yg9bg00L bo30mbO 580M 56 sTMOfMGdS, IMLBsEMEbYOs
30093 9boo  3m33Mmbgb3Hgool 5dmBgbs @s BLobEHgMglm
00MEMYOOHO 5JEH03Mmd0L oD
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2. o. 3m35w0sbo, 3. 63d0gM0dg, 5. LboMEHesdg, b. Logzsgarody, 9.
J9990@gwodyg. 3. gobggcs. sbowo  ggbogmsbmoo  Digitalis
ferruginea L.-s6. ULodo®mggerml  d93bogMgdsms  gbmgbaero
539009300U 35369, Jodool bgMos, 2017, 43(2), 206-209
3. 0.3035e00560, 3.690096M0dg, 5.LboOGEHWdY, g.J9d9MOGH0dy,
0.296(39M5.  MmEoymbsdoMoo s  39Mgbmeroqgdo  Digitalis
ferrugenea L. 396035030999000b. Lodo@mggerml  JodoMo
gOboero, 2017, 17(1), in press
09boligdo:
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1. General characterization of the work
1.1. Relevance of the topic

Despite the greatest success of organic synthesis, natural substances,
including those of vegetable origin, occupy a special place in the field
of creation of medicinal drugs. Lately, the resistance (adaptability) of
many diseases to antibiotics, sulfanilamide’s and other synthetic drugs
and their undesirable side effects have caused increased interest in
herbal medicines worldwide.

The diverse flora of Georgia, where up to 4,600 species are described
is an inexhaustible source of biologically active substances, offers a
broad perspective for pharmacochemical research and provides great
opportunities for creating medicinal drugs of different actions.

The represented work is devoted to study of one of the species of
Digitalis, i.e. Digitalis ferruginea L. (which grows in Georgia), with
the purpose of its further use.

Digitalis ferruginea L. Is the object of long-term research of the
Institute of Pharmacochemistry, but studying the composition of this
plant growing in Georgia gives a chance to reveal the new

components.

1.2. The main purpose and objectives of the research
% The study of chemical composition of different parts of
Digitalis ferruginea L. growing in our flora. Allocation of
substances of different chemical classes from different parts of
the plant, receiving their enriched fractions, separating them

into individual components.
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% studying of physical and chemical properties and determining
of structures
% determining the possibility of using Digitalis ferruginea L. in

practice and its usage.

1.3. Scientific novelty and the main results of the work

The ratio of the weight of different parts of Digitalis ferruginea L.
growing in Georgia to the whole plant has been studied. It is
established that the main part of the plant is the stem, then the leaf,
pericarp, root and seeds.

Basic aglycones of cardenolides in the plant are: digitoxigenin,
gitaloxigenin, gitoxigenin, digoxigenin. Among them digitoxigenin-
derived glycosides are dominant and plant may be recommended for
production of radical cardiac glycosides — digitoxin and acetyl-
digitoxin.

9 steroid glycosides are isolated from the pericarp of Digitalis
ferruginea L., including 6 known and 3 new organic substances,
structures of which are established through classic physical-chemical
methods and with the use of up-to-date spectral analyses — one- and
two-dimensional NMR ('H, BC, HSQC, HMBC, COSY) and mass-
spectroscopy (ESI/MS).

Besides, there are isolated oligosaccharide, 2 cardenolides —
digitalinum verum, neodigitalinum verum and 3 phenylethanoides,
one of which is a new organic substance with following structure: 2-
(3-methoxy,4-hydroxyphenyl)ethyl-O-B-D-glucopyranosyl-(1—3)-O-
[o-L-ramnopyranosyl-(1—6)]-[a-L-arabinopyranosyl-(1—2)]-4-O-
(E)-feruloyl glucopyranoside, which was called Ferrugoside A.
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There is recommended the method for obtaining the irreplaceable
chemical reagent — steroidal saponin digitonin from the seeds of the
plant growing in Georgia that will provide its production in pure
form. This method may be used for production of expensive chemical
reagent, pure — commercial digitonin from seeds of Digitalis
ferruginea L. growing in Georgia.

With the use of PASS and ACD/I-Lab is carried out in silico test of
alcohol extracts of leafs of Digitalis ferruginea. Expectable activity
(with >70% probability) of the extract is identified and its LDso is

determined.

1.4 Theoretical and methodological basis of the
research

Extractions of different parts of Digitalis ferruginea L. were
performed by 80 % methanol.

The seeds from lipophilic substances were released with
forextraction with petroleum ether.

For Thin Layer Chromatography (TLC) were used Silica gel plates
(Silica gel 60 F 254, Merck). Column Chromatography (CC) were
performed on: Diaion HP-20, Sephadex LH-20 and Silica gel (63/100
pm and 40/63 um, Merck).

The universal system was found for TLC: chloroform-methanol-
water (26:14:3).

Steroidal compounds were processed with the following reagents:
a) Sannie-Lapin reactive: 1% alcohol solution of vanillin, acetic
anhydride and conc. Sulfuric acid mixture (12:1);
b) Matthews reagent: 0,5% solution of vanillin in ethanol with

further sulfuric acid treatment;
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c) Ehrlich reagent: 1,4-Para-dimethylaminobenzaldehyde 1%
solution in ethanol and then conc. hydrochloric acid;
For disclosure of phenolic substances and namely for flavonoids by
TLC:
a) CeSO4 2% solution with conc. sulfuric acid;
b) 1-5% solution of ironchloride
The melting points were determined on the Electrothermal 9100
Digital Melting Point and heating was made at a speed of 4°C/min.
Optical rotation was measured by the Perkin-Elmer 192
polarimeter.
Mass-spectra were taken on Amazon SL (Bruker) mass-
spectrometer.
A NMR spectral analysis was carried out in Avance II 600 MHz
spectrometer CD3OD.
Samples of analysis were dried in a vacuum-pistol with phosphoric

acid anhydride at boiling temperature of toluene for 4-8 hours.

1.5 Practical meaning of the work

The method of extraction of irreplaceable chemical reagent
digitonin from the seeds of Digitalis ferruginea growing in Georgia is
offered. Its yield is 1.2 % and a plant can be used for production of this
valuable irreplaceable reagent.

There is manifested the expected all-round specific
pharmacological activity: proapoptotic (73,8 %), oxidoreductase
inhibitor (74,7 %), fungicidal (75 %), Caspase 8 stimulative (76,3 %),
immunosuppressive (77,9 %), anticholesteremic (81,9 %), diuretic
(84,6 %), cardiotonic (85,7 %), anticarcinogenic (86,7 %), analeptic
(87,3 %), antineoplastic (89 %), chemopreventive (90,9 %),
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antiprotozoal (95,2 %), antiproliferative (95,9 %), general anesthetic
(97,4 %) and Caspase 3 stimulative (97,8 %) actions. Proceeding from
obtained results we deem expedient in-depth study of the extract,
especially in regard with cancer chemoprevention.

Widespread occurrence of Digitalis ferruginea in Georgia and its
rich chemical composition makes possible the use of this plant as an

industrial raw material of substances with different properties.

1.6 The structure and volume of the work

The thesis includes: annotation (in Georgian and English languages),
introduction, literary review; in the experimental part are described
the objects and the methods of the research, results of the private
research, their review, conclusions, one appendix; the list of the used
literature where 139 sources are indicated. The work is illustrated
with 28 tables, 48 pictures and 1 diagram. The volume of the work is
122 pages.

2. The basic content of the work
2.1 Object of research

Digitalis ferruginea collected in Georgia was used as the subject of
research.

Digitalis ferruginea is perennial herbage plant with straight, simple
stalk of 40-150 cm height and alternately disposed lance-shaped leafs
of 15-30 cm length, frequently with rust stains and closely placed
clustered flowers. It is widely spread in Mediterranean Sea area, Asia
Minor, Balkan Peninsula and Caucasus. In Georgia it grows in Middle
Kartli, Tianeti, Outer Kakheti, Meskhet-Javakheti, Achara, Abkhazia,
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in alpine zone of Samachablo, mostly in open and shadowed beech
and oak forests.

First significant research of Digitalis ferruginea was carried out by
Stoll and Renz in 1952, who extracted lanatosides A, B and
acetyldigitoxin-f from a plant growing in Turkey. M. Apple and O.
Gilsrold obtained acetyldigoxin-a, digitoxin and steroid glycoside
tigonin from raw leafs of the plant growing in USA. Ulabeler obtained
lanatoside A, B, C, digitoxin, digoxin, gitoxin in the seeds of the plant
collected in Turkey. Calcandi established the existence of lanatoside
A, B, C, D, E, strospeside, verodoxin, acetyldigoxin-a in the plant
cultivated in the Bucharest Botanical garden. Total quantity of
glycosides in plants reaches 0.72%. It was shown that lanatoside A is a
basic component of seeds of Digitalis ferruginea, and it also contains
glucoevatromonoside, glucogitoroside and glucolanadoxin in
considerable quantity. Total quantity of glycosides in the seeds equals
to 0.40%. After comparative research of inofficial species Roda
established that according to quantity of glycosides Digitalis
ferruginea almost keeps pace with D. purpurea, and even excels it
according to biological activity.

The issue of use of Digitalis ferruginea was initially solved in the
Institute of Pharmacochemistry. In 30s of the past century the
medicinal product was prepared, which was similar to preparation
produced by Suisse company Hofman la Roche. It was called Digalen-

neo and it satisfied the requirements of the whole Soviet Union.

2.2 Methods of Research

Steroid glycosides are collected in different organs of Digitalis
ferruginea L. in different quantities and their capacity in the whole

plant depends on the weight ratio of the vegetative parts. It became
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necessary to determine the individual organs’ weight ratio and the
steroidal substances.

Observations have shown that the share of the weight ratio of
individual organ to the whole plant in (%) is the following: stem
(40.7%), followed by leaf (31.8%), pericarp (12.3%), root (11.7%) and
seeds (3.3%) (Table 1).

At the next step of the research, we conducted preliminary analysis
of the content of steroids in individual organs.

We were drawing off the 100 g of air-dried, crumbled raw materials
by 80 % methanol for three times; distilling the alcohol from the
mixed extract, cleaning the aqueous liquid by chloroform, thickening,
drying and weighing it. The residue was passed through to the column
of adsorbent Diaion HP 20. The column was washing sequentially
with water, then with 50, 80 and 100 % of methanol; thickening,
drying and weighing the eluats.

The quantitative analysis of 80% obtained sums steroids by
spectrophotometric method was developed.

We were taking 5 g of individual organs for analysis, placing it in
the flat bottomed flask of 100 ml volume, adding 50 ml ethanol,
dipping the mixer stick in liquid, weighing the flask and placing on
the magnetic stir bar for 1 hour after boiling. After finishing
extraction, we were cooling the flasks up to the room temperature,
weighing (in case of loss in mass, we were filling it with methanol)
and filtering it.

We were transferring 10 ml of filtrate in the volumetric flask of 50
ml capacity and filling the volume up to the indent with methanol
(solution “A”). We were transferring 5 ml of the solution “A” in the
flask, adding 5 ml of 1%  solution of  Para-
Dimethylaminobenzaldehyde (solution “B”). For control experiment,

we were adding the solution “A” to 4 N hydrochloric acid (solution
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“C”). We were placing the solutions “B” and “C” in ultra-thermostat
on the temperature of 57-60 °C for 2 hours. After cooling, we were
determining the optical density by spectrophotometer (Nano spec-2)
at a wavelength of 518 nm.

We were calculating the content of furostanol glycosides on a

cobalt chloride curve with the formula:
_ 940,1 * 50 * m
X = 1+ K(100 — w)

where:
e 940.1- is the recalculation coefficient of furostanol glycoside
to the concentration of cobalt chloride.
e 50 - incipience volume of the solution to be studied, ml.
e m - amount of cobalt chloride according to the calibration
curve, g.
e ml - mass of raw materials, g.
e K - correction factor on acid titer
® W — moisture.
It turned out that the amount of furostans in the cleaned amount of
leaves is (%) - 65, in pericarp — 54, in stems — 16, in roots — 21 and in
seeds — 46 (table 1).

Table 1
Mass share The yield from Content of
Organ of the from the the sum of furostanol
plant whole plant, steroid glycosides in

% glycosides, % the sum, %
Stem 40.7 1.19 16
Leaf 31.8 441 65
Pericarp 12.3 5.02 54
Root 11.7 454 21

Seeds 3.3 2.15 46
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For the studying of sapogenines of the leaves of D. ferruginea we
were conducting acid hydrolysis of 80% methanolic extract of leaves.
20 g extract were dissolving in 60 ml water, adding 40 ml of conc. HCl
and 50 ml of benzene saturated with 50% methanol; boiling this on
water bath for 3 hours. After cooling the mixture, we were separating
the benzene layer, drawing off the aqueous mixture two times with
15-15 ml benzene. We were washing the united benzene decanted
part with water until the neutral reaction, treating the layer of
neutralized benzene with saturated solution of potassium hydroxide
in methanol, washing the benzene layer again until the neutral
reaction, dehydrating by anhydrous sodium sulfate and making
thicker. We were obtaining the sum of steroidal sapogenines in
amount of 0.95 g. It turned out that the main sapogenines in D,
ferruginea’s pericarp are: diosgenin, tigogenin and hecogenin.

We were obtaining the pericarp of D. ferruginea enriched with
various substances as follows: the 100 g of air-dried, powdered raw
materials was extracted 3 times by 80 % methanol on boiling water
bath for 2 hours. We were filtering the united extracts in Buchner
funnel, thickening them in vacuum-rotational device until full
removal of alcohol, cleaning off the remaining aqueous solution with
chloroform, thickening the watery liquid and drying the residue in
vacuum drying cabinet coexistence with phosphoric acid anhydride.
Less polar substances are extracted by chloroform.

We were using a watery residue purified by chloroform as an object
of studying chemical composition.

We were transferring the dried crude extract on the column of
Diaion HP-20, performing elution with water, 50, 80 and 100 % of
methanol. We were evaporating the derived fractions in vacuum-

rotational device until full removal of alcohol, drying them in vacuum
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drying cabinet. As a result we were receiving the sums of enriched
fraction with polar substances and steroidal glycosides.

We continued separation 3 g of 50, 80 and 100% fractions on the
column (5X100 cm) of Sephadex LH-20 by methanol. The rough
separation of glycoside sums was achieved, which later we were
conducting on different size of Silica gel columns (63/100; 40/63). We
were performing elution with the system of: chloroform — methanol —
water 26:14:3;

As a result, from the pericarp of D. ferruginea 9 steroidal glycosides,
2 cardenolides, 3 fenyletanoid and oligosaccharide have been isolated.

Complete chemical structures of each individual substance have
been determined by physical and chemical indicators, by means of
one and two-dimensional nuclear magnetic resonance (‘H, 3C NMR,
HSQC, HMBC, COSY) and Mass spectroscopy.

2.3 Obtained results and their consideration

At the first stage of the research, we studied steroidal glycosides of
individual organs of D. ferruginea. By separate and adsorption
chromatography on different adsorbents, 9 furostanol glycosides
produced by diosgenin, tigogenin, hecogenin are isolated from the
leaves and are characterized: (25R)-5a-furost-20(22)-dien-3f3,26-diol
3-O-B-D-xylopyranosyl-(1—3)-[O-fB-D-galactopyranosyl-(1—2)]-O-p-
D-glucopyranosyl-(1—4)-O-3-D- galactopyranosyl 26-O-B-D-
glucopyranosyl (compound 1); (25R)-5a-furost-2a,30,158,22c,26-
pentaoil 3-O-B-D-xylopyranosyl-(1—3)-[O-p-D-galactopyranosyl-
(1>2)-O-B-D-glucopyranosyl-(1—4)-O-p-D-galactopyranosyl 26-O-
B-D-glucopyranosyl 26-O-f-D-glucopyranoside (compound 2); (25R)-
5a-spirostan-2a,3p-diol ~ 3-O-B-D-xylopyranosyl-(1—3)-[ O-f-D-
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glucopyranosyl-(1—2)]-O-f-D-glucopyranosyl-(1—4)-O--D-

galactopyranoside (compound 3); (25R)-5a-furost-20(22)-dien-
2a,3p,26-triol  3-O-B-D-xylopyranosyl-(1—3)-[O-B-D- glucopyrano-
syl-(1-2)-O-B-D-glucopyranosyl-(1—4)-O-B-D-galactopyranosyl 26-
O-B-D-glucopyranoside; (25R)-5a-furostan-2a,38,22x, 26-tetraoil 3-
O-B-D-xylopyranosyl-(1—3)-[O-p-D-glucopyranosyl-(1—2)]-O-B-D-
glucopyranosyl-(1—4)]-O-p-D-galactopyranosyl 26-O-f-D-glucopyra-
noside; (25R)-5a-spirostan-2a,3p-diol 3-O-D-xylopyranosyl-(1—3)-
[O-B-D-glucopyranosyl-(1—2)]-O-p-D-glucopyranosyl-(1—4)-O-3-D-
galactopyranoside; desglucodigitonin; digitonin; capsicoside Bu.

Between them 1, 2 and 3 are new organic substances.
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The oligosaccharide is separated from the pericarp of Digitalis
ferruginea, this structure is B-D-glucopyranosyl-(1—4)-O-3-D-3-O-
acetyl-pB-D-digitoxopyranosyl-(1—4)-O-f-D-digitoxopyranosyl-
(1>4)-O-B-D-digitoxopyranosyl-(1—4)-O-f-D-digitoxopyranosyl-
(1—>4)-O-B-D-canaropyranosyl-(1—-4)-O-p-D-canaropyranoside; two
cardenolides; 3f,140,16B-trihydroxy-5p-card-20(22)-enolide 3-O-f-D-
glucopyranosyl-(1—-4)-O-B-D-digitalopyranoside - digitalinum verum
and 3f, 14p,16p-trihydroxy-5p-card-20(22)-enolide 3-O-D-gluco-
pyranosyl-(1—-2)-O-p-D-digitalopyranoside - neodigitalinum verum.
Three phenyletanoids are isolated; maxoside, purpureaside E and 2-(3-
methoxy, 4-hydroxyphenyl) ethyl O-B-D-glucopyranosyl-(1—3)-O-
[a-L-ramnopyranosyl-(1—6)]-[a-L-arabinopyranosyl-(1—2)]-4-O-
(£)-feruloyl-p-D-glucopyranoside, which was called ferrugoside A.

Ferrugoside A
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2.4 Practical Application Use of the Work

Digitonin represents steroidal glycoside — one of the most
important classes of natural compounds. It consists of sapogenin
digitogenin and 5 molecules of monosaccharides — 2 glucoses, 2
galactoses and one xylose.

Digitogenin is an irreplaceable chemical reagent. It forms insoluble
solid complex compound, so-called “digitoside” with cholesterin
(cholesterol) and some other natural substances; at the same time it is
characterized by unique stereospecify — it unites with 3f oxysteroids,
and doesn’t form a complex with 3a epimers. This property of
digitonin is used for division of mixture of antipode substances.
Digitonin is widely used for qualitative and quantitative analysis,
getting and study of vegetable and animal steroids and a series of other
natural substances, and as a detergent for solubilization and
modification of the cell membranes.

Demand for digitonin is substantially increased along with
development of biochemical researches.

The only source of digitonin is represented by the seeds of plant
Digitalis, in particular Digitalis purpurea — purple foxglove and D.
lanata — woolly foxglove.

There are several methods of digitonin receipt from a plant, which
are basically based on complex formation with cholesterol, afterwards
its decay proceeded by its heating with pyridine and repeated
cleaning. Existing methods are multi-stage and technically labor-
consuming. They are related to heavy expenditures of solvents,
reagents along with relatively low yield of the end product.

Digitonin cost is high and at the world market the price of 1 gram
is 250-500 USD.
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E. Kemertelidze from the Institute of Pharmacochemistry
elaborated the simplified method of digitonin receipt, which was
recognized as invention and USSR authorship certificate was issued;
the method is patented in England, Germany and Switzerland.
However, the receipt of digitonin from seeds of Digitalis ferruginea
(rusty foxglove) is complicated. Chlorophyll is accumulated in large
quantities in its seeds and the end product is of green color.

In order to solve this problem we made adjustment in the method
of digitonin receipt that lies in the following.

Refined seeds of milled rusty foxglove pericarp collected in
Georgia, in the vicinity of Bakuriani settlement were placed in the
Soxhlet-type apparatus and squeezed by chloroform wup to
discoloration of the extract. During this process occurs the squeezing
(extraction) of chlorophyll and fatty oil by chloroform, yield of which
is 30%.

Seeds cleaned from lipophilic substances were placed in extractor,
then 4-5 times more quantities of 80% ethyl (or methyl) alcohol were
added and the mixture was heated at water bath up to boiling
temperature of the solvent for 1 hour. Extraction was repeated two
more times. United extracts were centrifuged and left at room
temperature. Afterwards the process was continued using improved
method (E. Kemertelidze).

Thus, we get digitonin as a white-colored powder with melting
temperature 248-250°C, [a]?**p-49°C (C — 1,10; acetic acid) in quantity
of 1.2%, which corresponds to pure commercial product according its
properties.

Using PASS and ACD/I-Lab there was established expected all-
round pharmacological activity of D. ferruginea leaves extract:
proapoptotic (73,8 %), oxidoreductase inhibitor (74,7 %), fungicidal
(75 %), Caspase 8 stimulative (76,3 %), immunosuppressive (77,9 %),
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anticholesteremic (81,9 %), diuretic (84,6 %), cardiotonic (85,7 %),
anticarcinogenic (86,7 %), analeptic (87,3 %), antineoplastic (89 %),
chemopreventive (90,9 %), antiprotozoal (95,2 %), antiproliferative
(95,9 %), general anesthetic (97,4 %) and Caspase 3 stimulative (97,8
%) actions. Proceeding from obtained results we deem expedient in-
depth study of the extract, especially in regard with cancer

chemoprevention.

2.5 Conclusions

1. Basic part of separate organs of Digitalis ferruginea — rusty
foxglove growing in Georgia are: stem 40.7 %, leaf 31.8 %,
pericarp 12.3 %, root 11.7 % and finally, seeds 3.3 %. Pericarp is

the richest with steroid substances.

2. All kinds of aglycons: digitoxigenin, gitoxigenin, diginatigenin and
digoxigenin-derived cardenolides are manifested in D. ferruginea
— rusty foxglove. Basic cardenolides consist of digitoxigenin-
derived glycosides that may be considered as the source of

production of cardiac glycosides — digitoxin and acetyldigitoxin.

3. 9 steroid glycosides are extracted from the pericarp of D.
ferruginea including 6 known and 3 new organic compounds:

% (25R)-5a-furost-20(22)-dien-3p,26-diol ~ 3-O-B-D-xylopyrano-

syl-(1—-3)-[O-B-D-galactopyranosyl-(1—2)]-O-p-D-glucopyra-

nosyl-(1—4)-O-p-D-galactopyranosyl 26-O-B-D-glucopyra-

nosyl;
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(25R)-5a-furost-2a,3f3,15p,22c,26-pentaoil  3-O-B-D-xylopyra-
nosyl-(1—3)-[O-p-D-galactopyranosyl-(1—2)-O-p-D-glucopy-
ranosyl-(1—-4)-O-f-D-galactopyranosyl ~ 26-O-f-D-glucopyra-
noside;

(25R)-5a-spirostan-2a,3B-diol 3-O-B-D- xylopyranosyl-(1—3)-
[O-B-D-glucopyranosyl-(1—2)]-O-p-D-glucopyranosyl-(1—4)-
O-B-D-galactopyranoside;
(25R)-5a-furost-20(22)-dien-2«,3p,26-triol  3-O-B-D-xylopyra-
nosyl-(1—3)-[O-B-D-glucopyranosyl-(1—2)-O-p-D-glucopyra-
nosyl-(1—-4)-O-B-D-galactopyranosyl 26-O--D-glucopyrano-
side;

(25R)-5a-furostan-2a,3p,22a,26-tetraoil  3-O-B-D-xylopyrano-
syl-(1—3)-[O-B-D-glucopyranosyl-(1—2)]-O-B-D-glucopyrano-
syl-(1—4)]-O-p-D-galactopyranosyl 26-O-p-D-glucopyranoside;
(25R)-5a-spirostan-2a,3f3-diol 3-O-D-xylopyranosyl-(1—3)-[O-
B-D-glucopyranosyl-(1—2)]-O-B-D-glucopyranosyl-(1—4)-O-f-
D-galactopyranoside;

desglucodigitonin;

digitonin;

capsicoside Bu.

4. From the pericarp of D. ferruginea is separated oligosaccharide f3-

D-glucopyranosyl-(1—4)-O-3-D-3-O-acetyl-p-D-digitoxopyrano-

syl-(1—4)-O-B-D-digitoxopyranosyl-(1—4)-O-B-D-digitoxopyra-

nosyl-(1—4)-O-B-D-digitoxopyranosyl-(1—4)-O-p-D-canaropyra-

nosyl-(1—4)-O-B-D-canaropyranoside.

5. Three phenyletanoids are isolated; maxoside, purpureaside E and

2-(3-methoxy, 4-hydroxyphenyl) ethyl O-B-D-glucopyranosyl-

(1-3)-O-[a-L-ramnopyranosyl-(1—-6)]-[a-L-arabinopyranosyl-

(1>2)]-4-O-(£)-feruloyl-B-D-glucopyranoside, which was called

ferrugoside A.
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Two cardenolids are isolated from the perigarpium of D.
ferruginea, their structures are: 3[3,14f,16p-trihydroxy-5p-card-
20(22)-enolide 3-O-B-D-glucopyranosyl-(1—4)-O-p-D-digitalopy-
ranoside - digitalinum verum and 3, 14f,16B-trihydroxy-5p-card-
20(22)-enolide 3-O-D-glucopyranosyl-(1—2)-O-p-D-digitalopyra-

noside - neodigitalinum verum.

The structures of isolated compounds are established through to
classic physical-chemical methods and with the use of up-to-date
spectral analyses — one- and two-dimensional NMR (1H, 13C,
HSQC, HMBC, COSY) and mass-spectroscopy (ESI/MS).

The method of extraction of irreplaceable chemical reagent,
commercial digitonin from seeds of Digitalis ferruginea growing in
Georgia is offered; its yield equals to 1.2% and may be used for

production of this valuable irreplaceable reagent.

There was established expected all-round pharmacological activity
of D. ferruginea leaves extract: proapoptotic (73,8 %),
oxidoreductase inhibitor (74,7 %), fungicidal (75 %), Caspase 8
stimulative (76,3 %), immunosuppressive (779 %),
anticholesteremic (81,9 %), diuretic (84,6 %), cardiotonic (85,7
%), anticarcinogenic (86,7 %), analeptic (87,3 %), antineoplastic
(89 %), chemopreventive (90,9 %), antiprotozoal (95,2 %),
antiproliferative (95,9 %), general anesthetic (97,4 %) and Caspase
3 stimulative (97,8 %) actions. Proceeding from obtained results
we deem expedient in-depth study of the extract, especially in

regard with cancer chemoprevention.
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10. Wide extention of Digitalis ferruginea in Georgia and its rich
chemical composition makes it an industrial raw material for

getting the substances with different properties.

11. The practicability requires to further study the issue of use of
Digitalis  ferruginea in medical practice for production

irreplaceable cardiotonic medicals.

12. Anyway, the issue of study and use of Digitalis ferruginea — rusty
foxglove doesn’t go beyond, and discovery of another new
components and establishment of interesting biological activities

is expected.
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