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159399bm Bod3YMbscnm d3gbsMgE sosMgdwos  Tribulus terrestris L. -
399OMbmsgo.  IMZ5¢MOEbmgsbo  499m331939000 oY b0y,  H™I
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296LoBO3MS o Fodmygbgds.

@ 3309308 doMomO  99m3sbsl  FoMdmoabl B39680 dmBsG o
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2330m@Modmbogdo A, B, C, D gfimom. ULogmaolbdms 83gbstgdo
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sLem®dY6E  Diaion HP  20-ob  ULggdhbdy.  L3gdL  36Mgsbsgzom
5680000930mdom fywom, 35 % s 80 % dgmsbmom. guwyeEdL
39Lggmgdom, 3536-MOO0M Qo 3hmboom; bLEHIOMOYO
3030mHB0EIOOL X580L A98MLsgseo  8goygbs (%) BMmmEgdoEsb 5.5,
B59m©n9800s6 3.2, 09HMgd0sb 2.4, 39139006 4.
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39319000 3gMBMEWOM) S 3BOWEHMIIWO.
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5 3mEMEMmdsl 393LgdOm 30079 FgMIBMEWOm (,5“ BLBMO). ,,0“ BLbsGOL
5 0 250083Jmbs  Lobyxo®sdo, gmBs@gdoom 5 dw 1 %
3561500009000 530bMdgEBog30ol blbo®l (,0“ blbs®o). Lozmb@MHmmm
3OLMZ0L ,,0“ bLBsOL 39F5BHIPOM 4-n JEMMEgoedodoz3sL (3 bLbsGO).
SO @ L3¢ BLUbsMIOL  35003gdEOM MW GHMEMYMIMLEIGHT0 57-60 °C
39939055y 2 Lo.  3530900L G909y  ™33036  Lod3zMOZ9L
3L5BP3M9300m  L3gIBHOMBMGHMIgBHMom (Nano spec-2) 518 63 GHoweol
LogMdgby.

FOMBEHBMEMOHO  A03mboEIdoL 9939w mdL  3obgsM0dmMmdom

3005 E0L Jem®0oEolb 309 BMOIMEWOom:
940,1 * 50 * m

* = 1+ K(100 — w)
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- 9401 - gMOObLEBMEYOHO  {E03MmBOEIOOL  osbysMm0TgdoL
3M98303096¢00 30dseEHOL JemOoOL 3Mb3gbEHMma30sbY
- 50 - 200mbo33eg30 bbbs®mob bsfyolo dmiEwyemds, den
- m - 300seGHol Mmool Mom@gbmds L3owrodMm  IMMEOL
dobgz0m,
- ml - Byowgmeob dsbs, ¢
- K-99Hm6m900b 3095303090630 079358 GHo@mbg
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50mPBBs, MHMI FGMmEgdol  gobBmoggdwyen xs3do  BMOMLEI6JdOL
50@gbmds 995 gbL(%) 71, Bogmazgddo 45, wgmgddo 14, xqlggddo 25.
5000300  3MNOMLOOgoL  BOOEgdo  3,9%  GuOHMLEGBmYOo  Goyol
LBIOMOEYOL Fgo393L, Bogmagdo 1,35%, mgmmgdo 0,33%, bmwm ggliggdo 1
%.
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doby®o foewo, X590l o8mbsgaqo, % | 899339emds %5080, % BIO@LEHBMENGHO
% 3030mBoEgdoly
9903390ds, %
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X580L 258mbz0¢0 s Fobdo LEIOMOEYIWO FE03MBOEIBOL F9d(339CMdS
3006353909905, Leagrol dgMMbgmdol 39mEGHMMIdBY 2sdmygbgdolsmzol
©mbs Ggodergds 2-x 96 d90306L.

50b0dbMmo  Bgdbmewmaoom dowgdmo 3Mg3sMeBo N 2 3560H056F0L
Lobgafimgdom 258m0oEs@s 53MM93mboliBdol dsbgzomstmgdol 393806Mdo -
»930b56Mdo".  godmzwobs  BMEOL  M30LgdIMOIOBO,  Fowo37d0L
969M300U, 50IM396980L Fod0gMgds, F3MHYIM 30MHMBJOME Tgargdols s
90l5300056mdOL  FoGHgds, 3939300l 3gMom©ol 93060905, IR0
obdo  35G0s6GH0m  Fogdo  3M935M5GOL  M30MsBIbmds  dZgEmsb
39005609000. 30o3w056mds0 20-25 %-000 305G,
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36Mmbmz0L LEHIOMOEYo Je03MmHB0EIdo fgsardo 3005 bLbswo
000MYRMIOOMIO505, LOHMWO© M369dgw0s, 3369303MMO 5JBH0ZMBOMm 56
boboomgd0s6, sdsew 3mb396EME0do 0bTsMmgds, 93MmEMYOMGS© LYIBMS
360mMJHOL  Gogdol  Fgbodegdmdsl 0dwgzs s gadmLsygbgdams
0ME09.

5960250 LeOgEol 39MMbgMdOL 3 EHMMIBOL BMHEI-35630005M9d0LS
903 056mdob 00053 9d0Lom30L 399OMbomsz0L LBHIOMOMEO
3030mH0EJd0L  Fogdol  sbowro  FJMMEOL  YY30MOEJLMBS 36305
HM0dM13Mb0obol bydLEBBELMD FgsMgdom 59356155, M3 Tobo BoMM
3990199690l glisdegdEmdsly 4sbs30MHMOIOL s 93mbmT03M gn3gdGIOH™dL
30x 0gLYdL.

00MEWMPONOO  5gdBH03MmdOL  sbowo  dmbo3gdgdol  4sdmgaobgdolsmgol
3996mbm30L boygmxnqdl 3049bgdom. 399OHMLmegol 50 4 Bogmgzgdol L3oME)-
09056 9duBH®odBb w0o30gdoLs s o3MmBowGo 6030009MHgdIBOLYE
JmOHmamOIon 35LR3900m. F3gbsMgo Bsdml 4sdmhmdoL G999y
80 % gmobmwom 3hzwowsgom. gJuBHGodAHL  39LdgErgdom s
390MHMBIOM.  30JPMWMIPOM  4o30bBIH  SIMOBME  Bbgbowl 2 g
0gbmdom.

399Ombmogol  bogmggdool  gduB®ogdool  298m33amg3s  Bo@oto
A30300y5059mBgdger  5JBHo3mdsBY  FoMIsgmdodoolb  obLEGHOGHMEOL
30060350090 BoMTo3MmEMA0M0 3300930l ©Y35MGHSTI6GHT0  (godyg 3.
0 30x560560).

©©3gbowos,  OHMI  ®mdogdBHo  LogMmImMole  35GIMboBgdMwo
3wsbogogs@mmol (GHS) dobgwgom IV 35¢gamost - LDso<500 09/3p
009399336905 5 bLOHMEWOosE M36909w0s.

332J30L 890930 390m3@obs B>y 983dG0. IFLE®IHI>
9h39b5 5M5Mm30Mm0EMMO 303005059w9hgdgo dmddgrgde.

90090 @wos 336, MM 3MOMLMLZOL BogmeBgdol gJuEHMJBL Boshbos
33030035959mBgdgeo  3mddggds, LogsMM®OME  3OMUERWb0bgdol
LobmgBol 06300060930l botxby.

33193900  3MOMLosgzol  Bogmxngdol  guGemagd@ol  BoMmBEIMEMY0MEO
dglfogeols  JoToMmnErgdom,  smbodbmwo  9mddggdol  bogstorom
L5395 gd0L G9ddbols doBbom doaMdgergds.
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2.5 sls3gbgdo

Tribulus terrestris L. - 3m6mbomsgol Lsjo®mggemdo 9mbsmo
9396960 (3560399900 MGY6MYGdOL oMM bofowo gmmegdos,
3900093 ©9OHMJd0, 659mBgd0, dMEML §Bgliggdo. dmegzsMo dmddgwo
6030009090900  FUOMLEBMEMOHO  AW03MHBOEIO0 439w DY
000005 Fmmngdo, 390009 boymagdo, B93gd0 s WgMHMgdO.
LodoMmM3gEml  bgoolbgs  3¢00sBM-b0o@oamdmHog  bmbsdo
InboM 93gbstgdo Fo00  MomEIbMdS (339 9V>MBL,  FogMsa
do60m5©0 3gbgb30s 99bsHBMbgdvEos.

Tribulus  terrestris - Qo v9gBgb fowo  Lodmygbobgdol:
©ombygbobol,  GHogamagbobol, 3g3maqbobol  ©s ao@mygbobol
563mgdo 3e03mH0EYdo d0MmLObmMgHoM©Yd0sb.
BONEYGO0E6 3580MYgMma30wwo Qo 0BMWoMHYdMwos 9
FOMbEHBM@NYO0  4e03mBoEo, Tom TGOl MmO sbogro.
3003900 Fomyobo  bLMEBMEWoMRdmo  s@dmbbs,  dgmey 30
1L930M393Mm96060L FoMdmgdmwo ymo3mboos: (25R)-26-0O-p-D-
30330056 bow, BOMUE-5(6), 20(22)-96-3p, 26-ome» 3-O-a-
L-653630656mbom-(1—-2)-0-4-brmemgm-f-D-aemmm3mdo®abmbo-
©0; (25R)-26-O—B-D-3¢0m30m30656mBo- Sa-guoald- 20(22)-9b-
3B, 26-omm-12-m6  3-O-f-D-Juoewm3ocsbmnboen-(1—-2)-O-[p-D-
30M3m306056mbow-(1-3)]-O-B-D-gmm3m-306Hsbabogn-(1—»4)-O-
B-D-35esgGe30656mBboo.

9396560L bbgs bsfow0gd0sb godmygmaomo s sbslosmgdwamos
odbs  5-5  @oOmbEGbmwmmo  qozmboo,  OH™Igdos
999Lod53g0056 BMMEYIOL LEBHIOMOPMWO X50E  gsdmygmagom
60300096 90900.

Lodo®mnggemdo GION MYOTCsTe} Tribulus terrestris - do
BOMBEGHDMEYdOL  Fowoo  Fg9339w™mds  MBWGdSL 3353l
G003 mbobobs (N Lbgos Lsdgog0bm 36193560530l
§563mgdolmgzol H93:m396s30s doz3gm d3gbstol dmwosbo dsbols
399mygbadab.

B3960 s0M0bgwo godm3zwrg3zgdom 658396900 ogym JMGMLomegzdo
B3mbmogdol 9303390 mds.  353MdggdEOm Mo 3vgdomdsls 53
00856 gdom  sbogwo dmbs3gdgdos d00gdo, IMEMLoszol
Bogdol J3gM39@0bols s 0BMmEMsdbyEobol gwsgmbmopwho
3030H0gd0L dmbmlisgds®ome bsfowdo dgwsmgdom 0830500
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0mbmbodoMoo  030mbss  sdmbBgbowo.  gedmymaowo s
0©96GH0B03007dMwos 10 gwogmbmom®o  awozmboo, 4
Fomyob60 930mBgdoL 999333900 sbsero MmEY6Mmo bogmogMgdss,
oo 5300M@M0dMBoIo0 A, B, C, D gfjmsm: §30039¢306-3-O-p-D-
230m8MM36mBog-(1—>2)-[B-D-s30mummsbnbowm-(1—>6)]-B-D-
33m30056mBoEo - s30mGHodmBo©o A; J39M3gd0b-3-O-p-D-
230m8MM36mBog-(1—>2)-[a-L-(506m306s6mBognr-(1—>6)]-p-D-
333005600 - 530mGHGdMBoEO B; 0bmM369E06-3-O--
D-330m3v96obmbogn-(1—>2)-[B-D-s30mgu®sbmbogr(1—>6)]-p-D-
303m30056mB0Eo - 330mEBHM0dMBoEo C; 0BMM>369E06-3-O--
D-530053796360bo-(1—>2)-[a-L-(5960m306s60mBowm(1—>6)]-B-D-
303306356 BoEO - 3300MBHGOdMBoEo D

3996mbmsgol bogmagdol HPLC s65¢robom g3esgmbmowyt xsddo
B0 gdoLASE 2oblibzs39000 BsbL 2 MTobsbEHo s 10 dobmMmwo
B3mbmo®o 3030H00. 2500MYgMma30wo o
©ObsLOLMPOMWOs 5 Beogmbmowo ©s 1 ggbmerMo BogmogMgds.
39bggd0l HPLC 0339005 258m00mBg3s Lbgs mMysbmgdosb. of
3stmo  BogmogMgdgdo  FoMmdmdI6 s  HoMImygbowos 7
©m30bsbGHo @s 16 dobmOwo 30m3mbgbGom. gsdmygmaowo ©s
©bsL0sMYOMWOos 2 BB BogmogMgds Loosbsg 1 sbowos:
d96Bom 2-O-brmmgm-p-D-gmm3m3omsbmboro

Tribulus-ob 335630 30639moss s0dmbgbowo 63w gmbogdo.
3900gMBOWOo S EbsLOIMIPIMWOos  BJL39d0EID  5¢gbMBobo,
3v996mBobo, 30¢H0©0b0; bogmugdosb MMoEobo; Bmmwgdo©sb
xwdg - segbobo.

39OMbMO30o0  3odmymzowos  8gaolBogdabol  awrozmBoo:
(3R,4R,7E,9R)-5,7-3935L30305¢0096-3,4,9-@G0omen 9-O-p-D-
30M3m3005bmBoEo HMIgEoa sbagro meysbrwmo bmgmoghgdss.
399Mmymzowwos 23M9M39 939G 0yd560 HMBYBOO,
©gdownboo B @  swzswmoo  N-@®msbl-ggemanmon-
006Msdobo

B3960 dmbsfomgmdom dmfimgdmmos 319MHmbmsgol Bo@Mowm®o
[SIQION 00ME MY 23dBoMo ©56535@0L Loboo
DIOMB3Mb0BOL Lobgwfimogdom, GmIgedos d9bsRbgdvEos
9396960L  BogmogMgdgdo  dbgdMogo  Lobom s  (3Bmdowo

21



3M9350M530L  G®M0dML3Mbobol  sboermpom®o  dmddggdom
bolosYds.

B3960 390M330939000 2oFY39BHOW0s 3OHMLMOZ0L 3MHg3565E0L
593500580 253mygbgool  Lsgombo,  Mmydmg  Legwol
0999O69mdoL  3MEGMOIOOL  BOHE-356300000900L  9x39dGMGO
bGOTMWOGMOO.

36Mbm30L Bogmaxzgdol L3oMGHY0s6ds 9JbAH®sgBH0s
d0mmMmaon®  9Ju3gM0dgbGHdo  L3Y30BRO3NMO  HEOMI0MOME
330300%5959Bgdge0 dmddggds do8madymsgbs. 33¢93900 dobigsh
L539M59M LI3OBsEIM Lodmoegdol 89dabolim3zolL yoaMmdgErgds

Lodo®Mmnggemdo  dmbodo  399OHmbmogol  9os®ds  Jodom@ds
390099600 Md53, Hogo sHswo Fmbs3gdgdom godrgds 3563390
Lbogbog 39096mb 399HMLbmOZ0L 065350 bM030
356 T5300My0M0 Imddggdol dgdsbobdol sblbsdo.
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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.

Tribulus terrestris L. is recognized as one of the best medicinal plant of
polymorphic pharmacological efficiency and therapeutic action in modern
medicine. By numerous researches it has been established that 7. rerrestris affects
almost on all vital functions of an organism that is caused by the biologically
active substances which are contained in the plant.

The effectiveness of 7. terrestris of our flora is confirmed by the drug
Tribusponin created 10 years ago, which is a means for the treatment and
prevention of atherosclerosis and also is a non-specific anabolic agent and has
been successfully used in medical practice in the Soviet Union, in Russia and
Georgia.

1.2. The main purpose and objectives of the research

% The main goal of the work is to study the chemical composition of
different parts of Tribulus terrestris growing in Georgia in order to
establish the possibility of its use in production of medicinal drugs.

% Allocation of substances of different chemical classes from different
parts of the plant, receiving their enriched fractions, separating them
into individual components, studying of physical and chemical
properties and determining of structure.

« Determining the possibility of using 7. terrestris in practice and its
usage.

« The main objective of the research is the study the chemical

composition of 7. terrestris growing on our territory for obtaining

presumably new data.
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1.3. Scientific novelty and the main results of the work

The ratio of the weight of different parts of 7Tribulus terrestris growing in Georgia
to the whole plant has been studied.

It is shown that the largest number of the main active substance - furostanol
glycosides is observed in leaves, then in fruits, roots and stems. Their number
varies in the plants growing in different climatic and soil zones of Georgia, but
the main tendencies are maintained.

The substances of different chemical classes in different parts of the plant have
been studied. 50 individual components, including 9 new organic substances are
isolated and characterized.

It has been established that the main steroid sapogenins in 7. terrestris are
diosgenin, tigogenin, hecogenin, gitogenin and their derivative glycosides.

9 different furostanol glycosides are isolated, among which are 2 new organic
substances.

10 flavonoid glycosides and 3 phenolic substances have been obtained. The
content of relatively rare monosaccharide apiose in the monosaccharide part of
the flavonoids is noteworthy.

4 new apiose-containing flavonoid glycosides called apiotriposides A, B, C, D are
isolated. The existence of sulfated phenol in the plant is rather significant.
Nucleosides of a new chemical class for the family of 7ribulus are described.
Adenosine, guanosine, cytidine, uridine and base adenine are isolated.

The presence of new megastigmanes in 7. terrestris, which have the form of
glycosides of B-ionone type megastigmanes and are diastereoisomers to each
other, has been established.

By experimental research it has been established and also theoretically proved
that the T terrestris widespread in Georgia is rich of substances of different
chemical classes that can be also found in the plant growing in other regions.

The rich chemical composition of 7. terrestris growing in Georgia, with a number
of a new data, can introduce some clarity in explaining the mechanism of many-
sided pharmacological effectiveness of the plant.

It is necessary to pay attention to the possibility of the use of 7. terrestris in
allelopathy. The new improved option of obtaining an effective stimulator of
growth and development of agricultural plant is offered. Under the influence of
low concentration aqueous solution, increases the germination of a plant seed,
considerably increases the yield, and an ecologically healthy, high-quality
product is obtained.

The natural form of a drug of T. terrestris as a biologically active additive, in
which the substances existing in the plant in their natural form are maintained
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and which are characterized by analogous effectiveness as a well-known
preparation Tribusponin is offered (with our participation).

In a biological experiment, the aqueous-alcoholic extract of the fruits of 7.
terrestris shows a clearly expressed specific non-opioid analgesic action.
Researches for obtaining the intended medicinal drug will continue.

1.4 Theoretical and methodological basis of the research

Extractions of different parts of Tribulus terrestris were performed by 75%
methanol.
The fruits from lipophilic substances were released with forextraction with
petroleum ether (40-60°) and chloroform in a Soxhlet type device.
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 pym Merck).
The universal system was found for TLC: chloroform-methanol-water (26:14:3).
Steroidal compounds were unfolded 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;
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 iron chloride
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
CDs3OD.
Separation of phenolic compounds, qualitative and quantitative analysis was
carried out on high performance liquid chromatography of Agilent 1100 series
(HPLC).
Samples of analysis were dried in a vacuum-pistol with phosphoric acid
anhydride at boiling temperature of toluene for 4-8 hours.
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1.5 Practical meaning of the work

Depending on the chemical composition of individual parts of 7zibulus terrestris,
it is recommended to use the whole mass of the plant for production of the
preparation of Tribusponin and other medicines.

The issue of the use of T. terrestris in allelopathy as an effective stimulator for
growth and development of cultivated plants and its yield has been decided.

With our direct participation, the natural form of 7. terrestris, as a biologically
active additive under the name of "Atherosponin” in which the substances of the
plant are preserved in their natural form and which is characterized by the
similar effectiveness as Tribusponin has been developed.

The alcohol-water extract of the fruits of 7. terrestris revealed a specific non-
opioid analgesic effect in biological experiment. Studies will be continued to
obtain the intended drug from it.

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 125 sources are
indicated. The work is illustrated with 25 tables and 42 pictures. The volume of
the work is 125 pages.
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2. The basic content of the work

2.1 Object of research

As the research object we have used Tribulus terrestris collected in different
regions of Georgia.

T. terrestris (family Zygophyllaceae) is an annual weed plant, stretched on the
ground, with radially arranged stalks of 10-100 cm length, alternately arranged 8-
10 mm size winged leaves, lemon-color flowers with 5 small size sheets of 4-10
mm area. 0.8-10 mm fruit with 2-5 part hard thorny spikes; root 7-15 cm in
length, yellowish color, with little rhizomes.

Tribulus — is the Latin word and means “three sharp” (caltrop) thorny, which
indicates to the sharp ending of the above raised fruit divided into three parts.

It grows on all continents except Antarctica. In subtropical countries it is a
perennial, while in cold and temperate climate zones it is an annual plant.
Tribulus is an exemplary plant with 50-century history of use. It is used in
traditional medicine of Asian countries in case of many diseases, mainly for
improving the productivity of hormones in men and women.

T. terrestris is the object of long-term research of the Institute of
Pharmacochemistry of the Georgian National Academy of Sciences. The
existence of steroid glycosides in 7. terrestris for the first time was revealed
namely in the Institute of Pharmacochemistry; A5,6 sapogenin - diosgenin was
isolated and characterized. In the 70-ies of the last century, on the basis of 7.
terrestris, the drug “Tribusponin” was produced for treatment and prevention of
atherosclerosis and as a non-hormonal anabolic remedy.

2.2 Methods of Research

Steroid glycosides are collected in different organs of Tribulus terrestris in
different quantities and their capacity in the whole plant depends on the weight
ratio of the vegetative parts. It became 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 7. terrestris, collected in the area of Tbilisi, is the following
(%): leaf 39.6; fruit 26.3; stalk 31.5; root 2.6.

At the next stage of the research, we conducted preliminary analysis of the
capacity of steroids in individual organs.

We were drawing off the 100 gr. of air-dried, crumbled raw materials by 75 %
ethanol for three times; distilling the alcohol from the mixed extract, cleaning the
aqueous liquid by chloroform, thickening, drying and weighing it. We were
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transferring the residue to the column of adsorbent Diaion HP 20. We were
washing the column sequentially with water, then with 35% and 80% methanol;
thickening, drying and weighing the eluates. The yield of steroid glycosides was
(%) 5.5 from leaves, 3.2 from fruits, 2.4 from stalks, 4 from roots.
We were developing quantitative analysis of steroids by spectrophotometric
method in obtained sums.
We were taking 5 g of individual organs for analysis, placing it in the flat
bottomed flask of 100 ml volume, adding 50 ml methanol, 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 “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 capacity t of furostanol glycosides on a cobalt chloride curve with
the formula:
940,1 * 50 *x m
X = 1+ K(100 — w)

where:
o  940.1- is the recalculation coefficient of furostanol glycoside
to the concentration of cobalt chloride.
° 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
e  w - humidity
It turned out that the amount of furostans in the cleaned amount of leaves is (%)
71, 45 - in fruits, 14 - in stems, 25 - in roots. Thus, leaves of 7ribulus terrestris
contain furostanolic row steroids of 3.9%, fruits — 1.35%, stems — 0.33%, and the
roots - 1 %.
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Table 1

Organ of Mass share from The yield from the Capacity of furostanol Capacity of furostanol
the plant the whole plant, sum of steroid glycosides in the sum, glycosides in individual
% glycosides, % % organ of the plant, %
leaf 39.6 55 71 3.9
stem 315 24 14 0.33
fruit 26.3 3.2 45 135
root 26 4.0 25 1.0

For the purpose of studying the qualitative composition of sapogenines of the
leaves of T. terrestris, 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 7. terrestris are: diosgenin, tigogenin
and hecogenin.

We were obtaining the sums of T. terrestris (leaf, stem, root) enriched with
various substances as follows: drawing off the 100 g of air-dried, powdered raw
materials 4 times by 75 % methanol, 3 times at room temperature and then on
boiling water bath to the boiling point of the solvent for 2 hours. We were
filtering the united extracts in Buchner funnel, thickening them in vacuum-
rotational device until full removal of alcohol, drawing 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 drawn off by chloroform.

We were placing the 100 g of air-dried, powdered raw materials of 7. terrestris
into the Soxhlet extractor and drawing off at first with petroleum ether for 16
hours and then with chloroform. We were drying the raw materials released
from fatty and lipophilic substances on the air, placing them into the round
bottom flask, adding a 70% ethanol and performing the extraction 3 times by
heating on the water bath. We were filtering, thickening and drying the united
extracts.

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

We were transferring the dried material on the column of Diaion HP-20,
performing elution with water, 35% and 80% methanol. We were evaporating
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the derived fractions in vacuum-rotational device until full removal of alcohol,
drying them in vacuum drying cabinet. As a result we were receiving the sums
enriched with polar substances and steroidal glycosides.

We continued separation of 35% and 80% fractions into 3 g on the column
(5X100 cm) of Sephadex LH-20 by means of methanol. The rough separation of
glycoside sums was achieved, which later we were conducting on different size
columns (2.5X100 cm) of Silica gel (63/100; 40/63). We were performing elution
with the system of: chloroform — methanol — water 26:14:3; as a result, from
individual organs of Tribulus terrestris, there are isolated 22 furostanols, 15
flavonoids, 3 phenols, 5 nucleosides, 1 alkaloid and saccharine.

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 steroid glycosides of individual
organs. 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) 26-O-B-D-glucopyranosyl-furost-5,
20(22)-dien-3f, 26-diol 3-O-a-L-rhamnopyranosyl (1—2)-O-4-sulfo-B-D-
glucopyranoside; (25R) 26-O-B-D-glucopyranosyl 5a-furost-20(22)-en-3f, 26-
diol-12-one 3-O-B-D-xylopyranosyl-(1—2)-O-[B-D-glucopyranosyl-(1—3)]-O-B-
D-glucopyranosyl-(1—4)-O-f-D-galactopyranoside; Prototribestin; Protodioscin;
Pseudoprotodioscin; Terrestrinin B; Terrestroneoside A; Chloromaloside E;
Polianthosid D. 1 and 2 are new organic substances.

Furostanol 1




There are 5 furostanol glycosides from the fruits: Protodioscin,
Pseudoprotosidoscin, Prototribestin, Terrestrinin B and Terrestroside A.

3 compounds are identified from stem glycosides: Prototribestin, Protodioscin
and (25R) 26-O-B-D-glucopyranosyl-furost-5, 20(22)-dien-3p, 26-diol 3-O-a-L-
rhamnopyranosyl (1—2)-O-4-sulfo-B-D-glucopyranoside (furostanol 1)

5 furstanol substances are derived from roots: (25R) 26-O-B-D-glucopyranosyl,
5a-furost-20(22)-en-3f, 26-diol-12-one 3-O-B-D-xylopyranosyl-(1—2)-O-[3-D-
glucopyranosyl-(1—3)]-O-B-D-glucopyranosyl-(1—4)-O-3-D-galactopyranoside
(furostanol 2), Terrestrinin B, Chloromaloside E, Terrestroneoside A and
Polianthosid D.

Furostanol glycosides of fruits, stems and roots are also separated from leaves and
characterized.

‘We continued researches on flavonoid glycosides and obtained new data.

It is especially noteworthy that in the monosaccharide residue of flavonoids of
Tribulus terrestris were found out flavonoid glycosides containing a rarer
monosaccharide apiose, which we called Apiotribosides.

10 Flavonoid glycosides are obtained from leaves with HPLC and
chromatographyc separation, in which 2-5 are new organic substances,
containing  apiose:  Quercetin  3-O-o-L-rhamnopyranosyl-(1—6)-O-f-D-
glucopyranosyl 7-O-f-D-glucopyranoside; Quercetin 3-O-p-D-apiofuranosyl-
(1-2)-[B-D-apiofuranosyl-(1—-6)]-p-D-glucopyranoside — Apiotriboside A;
Quercetin  3-O-B-D-apiofuranosyl-(1—2)-[a-L-rhamnopyranosyl-(1—6)]-p-D-
glucopyranoside - Apiotriboside B; Isorhamnetin 3-O-p-D-apiofuranosyl-(1—2)-
[B-D-apiofuranosyl-(1—6)]-B-D-glucopyranoside - Apiotriboside C; Isorhamnetin
3-O-B-D-apiofuranosyl-(1—2)-[a-L-rhamnopyranosyl-(1—6)]-8-D-
glucopyranoside - Apiotriboside D; Quercetin 3-O-o.-L-rhamnopyranosyl-(1—6)-
O-B-D-glucopyranoside; Quercetin 3-O-a-L-rhamnopyranosyl-(1—6)-O-p-D-
galactopyranoside; Kaempferol 3-O-(6"-O-p-coumaroyl-glycoside); Isorhamnetin
3-O-rutinoside; Kaempferol-3-O-rutinoside

Apiotriboside A

Apiotriboside B

35



o

ol o o
Apiotriboside C Apiotriboside D

1 phenolic and 5 flavonoid glycosides are separated from the fruits: P-
hydroxybensoic acid, Quercetin 3-O-o-L-rhamnopyranosyl-(1—6)-O-p-D-
glucopyranoside, Isorhamnetin 3-O-rutinoside, Kaempferol-3-O-rutinoside,
apiotriboside B and apiotriboside C.

2 individual phenolic substances are obtained from the roots: Salicylic acid and a
new organic glycoside benzyl 2-O-sulfo-B-D-glucopyranoside.

For the first time we have discovered a new class for this family- nucleosides in
Tribulus terrestris.

3 0SO:H

Benzyl 2-O-sulfo-f-D-glucopyranoside

By multiple chromatographies on different size Silica gel columns of 35%
fractions divided on Diaion, 5 individual substances were obtained which, turned
out to be nucleosides by their physical-chemical properties and spectral data.
Adenosine, guanosine, cytidine — from the roots, uridine - from fruits, adenine-

base from leaves.
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Apart from steroids, flavonoid glycosides and nucleosides, from individual organs
of T. terrestris the following substances are also isolated from leaves:
megastimagine glycosides of B-ionone type 1, debiloside B and roseoside; from
fruits: N-trans-feruloyl-tyramine; from roots: saccharine.
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(3R,4R,7E,9R)-5,7-megastigmadien-3,4,9-triol 9-O-B-D-glucopyranoside

Megastigmane 1 is new organic compound.

2.4 Practical Application Use of the Work

“Atherosponin” (capsules) — a natural remedy from 7ribulus terrestris in the
form of biologically active additive, in which the substances existing in the plant
are preserved in their natural form, was developed. Acute and chronic
experiments have proven its complete safety. Indications for Atherosponin are
identical to the ones of Tribusponin. Additionally, Atherosponin is recommended
for intensified and heavy physical load: preparing for athletic contest; systematic
sports mode; slowed digestion after trauma and surgery, sluggish current mode of
patient's rehabilitation; male infertility.

Steroid glycosides, as surfactants, are characterized by membranotropic
properties. Acting on the membrane of a plant cell, they increase its permeability,
regulating the water-salt balance, are involved in the metabolic processes of plant
growth and act as bioregulators of metabolism. Being administered into the
cultivated plants, they act like phytohormones, despite the great differences in
chemical nature. Thus, the application of steroid saponins in allelopathy (the
influence of plant substances on the development of plants, improving their
endurance ability, increasing yields and creating environmentally friendly agro-
systems) looks promising. In this research area, the study of “Alexin” - the
preparation of steroidal glycosides of flowers of abundantly blossoming plant
industrially cultivated in Georgia - Yucca gloriosa L. and an active substance of
“Tribusponin” - the remedy for prevention and treatment of atherosclerosis
prepared from Tribulus terestris (under the name of Preparation-2) was carried
out at I. Kutateladze Institute of Pharmacochemistry.

Study of influence of Tribusponin’s active substance on the growth and
development of crops was carried out at L. Kanchaveli Institute of Plant
Protection, I. Lomouri Institute of Crop Science, Institutes of Horticulture,
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Viticulture and Winemaking, State Inspectorate of Testing and Protection of
Plant Selection Achievements, and other facilities.

In all cases the positive effect of an aqueous solution with a low concentration of
the substance is shown. The stimulator has combined effect on both individual
plant organs and all development and yield determining components.

Laboratory and industrial observations conducted by the State Inspectorate of
Testing and Protection of Plant Selection Achievements (in Asureti and Dmanisi
stations), revealed that the pre-sowing treatment of wheat and barley seeds with
the preparation significantly increases plants’ growth and development energy.

Table 2
The effect of the preparation N 2 on the yield of soy and beans
Preparation N2
Soy Bean
Concentracion
of the E2 | T= | Tx 2 | Sw | Ex
preparation | = £ | § g | § < 8 §¢ § ¢
% ga | 2| E¢ §= £ E ¢
£ g gL | g& 9 gz g g
g8 | 22| k2 |28 | EF | B2
0.0015 212 67 46.2 172 42 32.3
0.005 248 103 71.0 214.8 84.8 65.2
Control 145 - - 130 - -

Table 2 shows that under the influence of 0.005% aqueous solution of preparation
N 2, the productivity of soy and beans has grown in 71% and 65.2% respectively.

Table 3
The influence of preparation N 2 from medicinal plant Cath, hus roseus G. Don on the seed germination, vegetative
organs develop and yield and content of alkaloid:
Preparation N2
Preparations Control 10 mg/l 20 mg/1 50 mg/l
Increase of seeds, % 70 81 90 90
Increase of growth, % - 15.7 28.6 10
The height of the 43.4 56.5 58.0 51.5
seedlings, sm
Size of the stems, sm 23X26 28X28 34X41 31X36
Number of breaks, ¢ 47 60 73 59
Yield c/ha 5.2 6.24 6.76 5.85
Increase in yield, % - 20 30 12.5
Sum of alkaloids, % 0.49 0.62 0.70 0.56

Impressive results are obtained on medicinal plants. As shown in Table 3, the best
results are obtained when using a 20 mg/l concentration. In this case, the
germination of Catharanthus roseus seeds rises by 20% in comparison with
control, the number of shoots significantly increases, yield growth elevates by
30%, while the content of alkaloids in plant increases from 0.49% to 0.70%.

We believe that, based on the above given data, the efficacy of Tribusponin
substance on plants’ growth and development and the increasing of yield is
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doubtless, but quantities and extents of the substance when using as a medicinal
product and as a preparation for agriculture, differ dramatically. Thus, use of
Tribusponin substance for agriculture is economically unjustified. Besides,
Tribusponin manufacturing technology is multistage and requires a large
consumption of organic solvents, which is why we attempted to simplify it.
Current technology of obtaining Tribusponin suggests the following scheme: the
air-dried, powdered leaves of 7. terrestris are extracted by 75 % ethanol. Alcohol
is removed from the extract; the aqueous liquid is cleaned by chloroform and
passed it through the aluminum oxide layer. After thickening, the eluate is
diluted in a small quantity of methanol and precipitated from fivefold volume of
acetone. The sediment is filtered, rinsed with acetone, dried and crumbled. The
target product is obtained in the amount of 4-5%, containing 20-27% of steroidal
glycosides. Separation of the already used methanol-acetone mixture for
restoration is too difficult, so solvents are completely consumed.

We proposed to obtain the steroidal glycosides of 7ribulus terestris as follows:
the air-dried, powdered aboveground part of Tribulus terestris was extracted by
ethanol for several times. After alcohol was removed from the united extract, the
aqueous liquid was purified with chloroform and transferred to the Diaion HP 20
column. We were performing then steroid glycosides were eluted from the
column with 80% alcohol, the eluate was thickened, dried and crumbled. As a
result 12-14% brown amorphous powder was obtained and steroid glycosides’
content in it reached 80%.

Thus, the simplified technological process doubled the yield of sum of glycosides
and the steroid glycosides’ content in it, and the amount for agricultural purposes
can be halved.

The preparation N2, obtained by this technology was tested in the
Agroecosystem Development Union - "Ekosando". Specific features of growth,
increase in germination energy and strengthening of sprouting, adaptability with
ecological conditions and reduction of vegetation period accompanied by
increased yield were revealed. The advantage of a preparation obtained using
modified technology over the traditional one was confirmed. The yield increased
by 20-25%.

Steroid glycosides of T. terrestris are well soluble in water, biodegradable and
absolutely harmless; they are not characterized by genetic activity, are used in
low concentration, provide the opportunity to receive an environmentally
friendly product and are very simple to use.

Therefore, the advantage of a new method of obtaining the steroid glycosides for
growth and development of crops in comparison with the Tribusponin substance
is obvious, that provides the possibility of its wide application and improves cost-
effectiveness.
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Fruits of 7. terrestris were tested to reveal possible biological activity. Aqueous
alcoholic extract of 50 g fruits of 7. terrestris was purified from lipophilic
substances with chloroform. After drying, the herbal residue was treated with
80% ethanol; the extract was thickened and dried yielding 2 g of a brown
amorphous powder.

Study of analgesic activity of 7. terrestris fruits’ extract was carried out at the
Department of Preclinical Pharmacological Research of the Institute of
Pharmacochemistry (Head of the Dept. — prof. K. Mulkijanyan).

It was established that according to the Globally Harmonized System (GHS) the
extract should be attributed to the Category IV - LDso <500 mg/kg and is
completely harmless.

The extract exhibited analgesic effect. Non-opioid mechanism of action is
suggested, presumably due to inhibition of the synthesis of prostaglandins.
Additional pharmacological study of T. terrestris fruit extract will be carried out
along with other research activities in order to develop natural analgesic remedy
based on previously mentioned extract.

2.5 Conclusions

1. The main parts of the separate organs of Tribulus terrestris growing in
Georgia are leaves, then stems, fruits and roots. The largest number of
the main active substance - furostanol glycosides is in leaves, then in
fruits, roots and stems.

Their number varies in the plants growing in different climate and soil
zones of Georgia, but the main tendencies are maintained.

2. In T terrestris there are mainly glycosides derived from sapogenins:
diosgenin, tigogenin, hecogenin and gitogenin undergo biosynthesis. 9
furostanol glycosides are isolated from leaves, including 2 new. The first
of them appeared to be sulfated, and the second one is a glycoside
produced by pseudo-hecogenin: (25R) 26-O-B-D-glucopyranosyl-
furost-5, 20(22)-dien-3p, 26-diol 3-O-a-L-rhamnopyranosyl (1—2)-O-
4-sulfo-B-D-glucopyranoside; (25R) 26-O-f-D-glucopyranosyl, 50.-
furost-20(22)-en-3f, 26-diol-12-one 3-O-B-D-xylopyranosyl-(1—>2)-O-
[B-D-glucopyranosyl-(1—>3)]-O-p-D-glucopyranosyl-(1—>4)-O-p-D-
galactopyranoside
From other parts of the plant are isolated and characterized 5-5
furostanol glycosides which correspond to the substances allocated from
the steroidal sum of leaves.
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The high capacity of furostanols in 7. terrestris growing in Georgia
gives us the right to recommend the use of a whole mass of the plant for
the production of Tribusponin and other medicinal drugs.

Our early studies showed the capacity of flavonoids in 7. terrestris. As
we were continuing work in this direction, new data were obtained - a
new monosaccharide apiose was found in the monosaccharide part of
flavonoid glycosides of Quercetin and Isoramnetin of the leaves of 7.
terrestris L. 10 flavonoid glycosides are separated and identified, 4 of
them are new organic substances containing apioses, they were called
apiotribosides A, B, C, D : Quercetin 3-O-B-D-apiofuranosyl-(1—2)-[p-
D-apiofuranosyl-(1—>6)]-p-D-glucopyranoside — Apiotriboside A;
Quercetin 3-O-B-D-apiofuranosyl-(1—>2)-[a-L-rhamnopyranosyl-
(1—>6)]-B-D-glucopyranoside - Apiotriboside B; Isorhamnetin 3-O-f-
D-apiofuranosyl-(1—2)-[p-D-apiofuranosyl-(1—6)]-f-D-glucopyrano-
side - Apiotriboside C; Isorhamnetin 3-O-B-D-apiofuranosyl-(1—2)-[a-
L-rhamnopyranosyl-(1—>6)]-B-D-glucopyranoside - Apiotriboside D;
By HPLC analysis of the fruits of 7. terrestris in the flavonoid sum, in
contrast to the leaves, 2 dominant and 10 flavonoid glycosides are
visible. 1 phenol and 5 flavonoids substances are isolated and
characterized. HPLC of the roots are very different from other organs.
Here the polar substances dominate and are represented by 7 dominant
and 16 minor components. 2 phenolic substances are isolated and
characterized, including 1 new: benzyl 2-O-sulfo-8-D-glucopyranoside.
In the family of 7ribulus, nucleosides were detected for the first time.
From the roots are isolated and characterized adenosine, guanosine,
cytidine; from fruits - uridine; base-adenine from the leaves.

From T. terrestris megastigmane glycosides are separated: (3R, 4R, 7E,
9R)-5,7-megastigmadien-3,4,9-triol 9-O-B-D-glucopyranoside. It is new
organic substance. megastigmane roseoside, debiloside B and alkaloid
N-trans-feruloyl-tyramine are also separated.

With our participation the natural form of a drug of T. rerrestris is
offered in the form of biologically active additive in the name of
“Atherosponin”, in which the plant substances are maintained in their
natural form and are characterized with analogous effectiveness as a
well-known preparation Tribusponine.

The issue of the use of I. terrestris in allelopathy as an effective
stimulator for growth and development of agricultural cultures and its
yield has been decided.
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7. In a biological experiment the aqueous-alcoholic extract of fruits of T.
terrestris shows a clearly expressed specific non-opioid analgesic action.
Researches for obtaining an estimated medicinal drug continue.

8. The rich chemical composition of 7. terrestris, growing in Georgia, with
a number of a new data can introduce some clarity in explaining the
mechanism of many-sided pharmacological effectiveness of the plant.
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