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IRIDOIDS FROM PHLOMIS SEVERTZOVII AND ITS
IMMUNOSTIMULATING AND ANTITOXIC ACTIVITY

Abstract. From the aerial parts of Phlomis severtzovii (Lamiaceae) growing in Uzbekistan, five known iridoid
glycosides were isolated for the first time. On basis of UV, IR, 'H and '*C NMR spectroscopy the isolated substances
were identified as 6f-hydroxypolamid (1), loganin (2), pulchelloside (3), shanshiside methyl ester (4) and
phlorigidoside C (5). Additionally, noticeable immunostimulating and antitoxic activity of the sum of iridoids and
6p-hydroxypolamid (1) were revealed.

Keywords: Phlomis severtzovii, iridoid, 6p-hydroxypolamid, loganin, pulchelloside, shanshiside methyl ester,
phlorigidoside C, immunostimulating activity, antitoxic effect.

Introduction. Among the various low-molecular biologically active substances synthesized by plants,
iridoids occupy a prominent place. At present time, it is clear, that this type of compounds are widespread
in plant world [1]. Presence of important biological activities (antitumor activity, antimicrobial activity,
etc.) of these compounds is main perspective practical reason for further investigation [2].

Iridoid glycosides have great theoretical importance as in terms of chemistry and due to their
participation as precursors in alkaloid biosynthesis [3].

Therefore search of novel iridoidcontaining plant sources, development of rational scheme of
isolation of these compounds, determination their chemical structure, revealing of physical, chemical
parameters and useful properties of novel compounds are actual problems of the modemn bioorganic
chemistry [4].

The aim of our study is investigation of iridoids from Phlomis severtzovii (Lamiaceae) and their
biological activity.

Materials and methods. Phlomis severtzovii (Lamiaceae) growing in Middle Asia, Tashkent and
Fergana regions.

NMR spectra were acquired on a Bruker, 500 MHz, spectrometer using standard pulse sequence at
ambient temperature. Chemical shifts are given in o (ppm), and coupling constants are reported in Hz. The
samples for NMR analysis were diluted in CsDsN.

Results and discussion. Five known iridoid glycosides were isolated from the aerial parts of Phlomis
severtzovii collected during vegetation phase. Their chemical structure were determined on basis of
analysis of UV, IR, 'H and "C NMR spectra and identified as 6B-hydroxypolamid 1, loganin 2,
pulchelloside 3, shanshiside methyl ester 4 and phlorigidoside C 5 (Fig.1).
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1: Ry =0H,R,=0H,R;=H, R,=0H
:Ri=H, R,=H, R;=0H,R,=H

3:R;=0H,R,=0H,R; =0OH,R,=H
:Ri=H, R,=0H,R;=H, R,=0H
:Ri=H, R,=0OH,R;+R,=0

Figure 1 — Chemical structures of iridoid glycosides isolated from the aerial parts of Phlomis severtzovii

6p-Hydroxypolamid (1). Compound 1 was isolated as pale yellow crystals, C;7;H,50,,, ESI-MS m/z
445.15 [M + Na]', mp 76°C, UV (C;H50H) Loy 235.5 nm. IR (KBr) vima 3388 (OH), 1639 (C=0), 1551
(C=C). Yield 0.031 %.

"H NMR (Bruker 500 MHz, CsDsN): 6.05 (1H, s, H-1), 7.77 (1H, s, H-3), 5.55 (1H, d, H-6), 2.19
(1H, d, Ha-7), 2.55 (1H, d, Hb-7), 2.99 (1H, d, H-9), 1.44 (3H, s, H-10), 3.68 (3H, s, H-12), 5.67 (1H, d,
H-1"), 434 (1H, t, H-2"), 4.29 (1H, t, H-3"),4.22 (1H, t, H-4"), 4.45 (1H, ddd, H-5"), 4.37 (1H, dd, , Ha-
6'),4.28 (1H, dd, Hb-6"), 6.52 (H, br.s., OH);

BC NMR (126 MHz, CsDsN: 93.91 (C-1), 154.92 (C-3), 115.73 (C-4), 74.4 (C-5), 72.39 (C-6), 48.58
(C-7), 73.88 (C-8), 57.59 (C-9), 26.82 (C-10), 168.64 (C-11), 52.04 (C-12), 99.01 (C-1"), 74.49 (C-2"),
78.18 (C-3"), 71.81 (C-4"), 78.67 (C-5"), 63.65 (C-6') [6].

Loganin (2). Compound 2 was isolated as white crystals. C,7H,50;,, ESI-MS m/z 413.39 [M + Na]",
mp 222.2°C, UV (C;H50H) hinax 234.72 nm. IR (KBr1) vix 3440 (OH), 1642 (C=0), 1446 (C=C). Yield
0.021 %.

'"H NMR (Bruker 500 MHz, CsDsN): 5.87 (1H, d, H-1), 7.72 (1H, s, H-3), 3.59 (1H, dd, H-5),
2.07(1H, dd, Ha-6), 2.35 (1H, dd, Hb-6), 4.04 (1H, ddd, H-7), 2.59 (1H, m, H-8), 3.13 (1H, dd, H-9), 1.16
(3H, s, H-10), 3.60 (3H, s, H-12), 5.69 (1H, d, H-1"), 4.27 (1H, t, H-2"), 433 (1H, t, H-3"), 4.22 (1H, t, H-
4), 4.11 (1H, ddd, H-5"), 4.19 (1H, dd, Ha-6"), 4.34 (1H, dd, Hb-6"), 6.82 (H, br.s., OH);

BC NMR (126 MHz, CsDsN): 96.04 (C-1), 151.64 (C-3), 111.46 (C-4), 32.71 (C-5), 37.71 (C-6),
74.57 (C-7), 40.42 (C-8), 43.36 (C-9), 14.18 (C-10), 168.69 (C-11), 51.73 (C-12), 100.72 (C-1"), 75.07
(C-2Y), 78.60 (C-3"), 71.81 (C-4"), 78.40 (C-5"), 63.65 (C-6") |7].

Pulchelloside (3). Compound 3 was isolated as yellow crystals. C;7;H,501,, ESI-MS m/z 44513 [M +
NaJ’, mp. 124,6°C, UV (Co;HsOH) Ay 235.76 nm. IR (KBr) Vi, 3437 (OH), 1640 (C=0), 1443 (C=C).
Yield 0.073 %.

"H NMR (Bruker 500 MHz, CsDsN): 5.86 (1H, s, H-1), 7.77 (1H, s, H-3), 4.48 (1H, d, H-6), 3.72
(1H, dd, H-7), 2.41 (1H, dd, H-8), 2.90 (1H, dd, H-9), 1.22 (3H, d, H-10), 3.72 (3H, s, H-12), 5.70 (1H, d,
H-1"), 432 (1H, dd, H-2"), 432 (1H, d, H-3"), 4.22 (1H, dd, H-4"), 4.46 (1H, ddd, H-5"), 4.36 (1H, dd,
Ha-6"), 421 (1H, dd, Hb-6"), 6.57 (H, br.s., OH);

BC NMR (126 MHz, CsDsN): 97.29 (C-1), 152.93 (C-3), 112.78 (C-4), 73.54 (C-5), 77.19 (C-6),
75.39 (C-7), 38.22 (C-8), 51.35 (C-9), 14.44 (C-10), 168.84 (C-11), 52.35 (C-12), 100.91 (C-1"), 74.94
(C-2Y), 78.55 (C-3"), 71.81 (C-4"), 78.38 (C-5"), 63.65 (C-6') |8].
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Shanshiside methyl ester (4). White crystals, C,7H,501,, ESI-MS m/z 429.38 [M + Na]', mp 94.8°C,
UV (C;H50H) Apex 236.97 nm. IR (KBr) v, 3437 (OH), 1642 (C=0), 1438 (C=C). Yield 0.013 %.

"H NMR (Bruker 500 MHz, CsDsN) 6.28 (1H, s, H-1), 7.81 (1H, s, H-3), 3.33 (1H, dd, 6.48, H-5),
451 (1H, ddd, H-6), 2.20 (1H, dd, Ha-7), 1.80 (1H, dd, Hb-7), 2.64 (1H, dd, H-9), 1.51 (3H, s, H-10),
3.60 (3H, s, H-12), 5.77 (1H, d, H-1"), 4.30 (1H, dd, H-2"), 4.28 (1H, t, H-3"), 4.22 (1H, t, H-4"), 4.44
(1H, ddd, H-5"), 4.30 (1H, dd, Ha-6"), 4.38 (1H, dd, Hb-6"), 6.28 (1H, br.s., 6-OH);

BC NMR (126 MHz, CsDsN) 93.62 (C-1), 152.48 (C-3), 111.72 (C-4), 41.08 (C-5), 70.95 (C-6),
48.65 (C-7), 78.79 (C-8), 49.87 (C-9), 26.95 (C-10), 168.69 (C-11), 51.78 (C-12), 100.92 (C-1), 74.81
(C-2"), 78.54 (C-3"), 71.81 (C-4"), 78.35 (C-5"), 63.65 (C-6") [9].

Phlorigidoside C (5). Colourless, C;;H»,01,, ESI-MS m/z 427.11 [M + Na]’, mp 66°C, UV
(CoH50H) dhinax 238.3 nm. IR (KBr) vy, 3418 (OH), 1637 (C=0), 1549 (C=C). Yield 0.028 %.

"H NMR (Bruker 500 MHz, CsDsN) 6.08 (1H, d, H-1), 7.83 (1H, s, H-3), 2.81 (1H, dd, H-5), 4.17
(1H, dd, H-6), 3.48 (1H, s, H-7), 2.43 (1H, dd, H-9), 1.49 (3H, s, H-10), 3.60 (3H, s, H-12), 5.45 (1H, d,
H-1), 428 (1H, d, H-2"), 4.29 (1H, dd, H-3"), 4.19 (1H, dd, H-4"), 4.44 (1H, ddd, H-5"), 4.28 (1H, dd,
Ha-6"), 4.38 (1H, dd, Hb-6"), 6.08 (1H, br.s., OH);

BC NMR (126 MHz, CsDsN) 93.07 (C-1), 152.55 (C-3), 106.18 (C-4), 38.20 (C-5), 73.09 (C-6),
64.23 (C-7), 65.05 (C-8), 46.80 (C-9), 16.67 (C-10), 168.47 (C-11), 51.92 (C-12), 101.46 (C-1"), 74.78
(C-2"), 78.45 (C-3"), 71.81 (C-4"), 78.35 (C-5"), 63.65 (C-6") [10].

Investigation of the biological activity. Experiments were set on white outbred mice (18-20 g).
Reaction of Jerne, Nordin was used for evaluation of the preparation influence to the humoral immunity
[11]. Mice were immunized with red blood cells (RBCS) of sheep and in the same day of immunization, in
biological active dose the water-alcohol solutions of the iridoids sum were injected intragastric (10 Mr/kr.
Mice of the control group received the water-alcohol solution in the same volume. On the 5™ day after
immunization, the number of antibody-producing cells (APC) was determined in the spleens of mice.

Studies were performed on intact mice and mice subjected to stress. The state of stress was caused by
the N. Selye “swim stress” model. To do this, mice for 45 min were placed in a tank with water, so that the
water level did not allow mice to jump out.

The research results are presented in table 1.

The table shows that the SI in mice causes a pronounced (p<0.001) enhancement of the process of
antibody formation in response to sheep RBCS.

In the control group of immunized mice, 11,800 + 928.08 APC accumulate on the spleen and 132.8 +
2.49 APC per 1 million nucleated spleen cells (NSC). The SI increases the number of APC on the spleen
t0 21,400 £ 1,369.18, the number of APC per 1 million of NSC - to 242.0 + 2.83.

Table 1 — The effect of sum of iridoids from the plant Phlomis severtzovii on immunity indicators

Group | Control | SI
Immunized mice
APC on spleen 11800+928,08 21400+ 1369,18
APC on 1 million of NSC 132,842 49 242 .0+2 83
Immunized mice + stress
APC on spleen 6400+£314,11 13200+461,88
APC on 1 million of NSC 75,73 .33 151,0+2,67

Under the influence of “swimming” stress, the sum of APC in mice decreases to 6400 + 314.11 per
spleen and to 75.7 = 3.33 per 1 million NSC. The sum of iridoids increases the number of APC per spleen
t0 13,200 + 461.88, by 1 million splenic cells - to 151.0 £ 2.67.

Under the influence of the SI, there is a tendency to increase the mass and cellularity (total cell
content) of the spleen, the mass of the thymus and lymph nodes, a significant increase in the cellularity of
the thymus and lymph nodes.

As a result, it was shown that the SI obtained from the plant Phlomis severtzovii possesses
immunostimulating activity, and is not immunotoxic.

It was previously established, that iridoids obtained from the acrial part of Phlomis severtzovii have
hepatoprotective properties and a positive effect on the functional state of the liver [12]. Given this fact,
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we investigated the effect of the SI and iridoid 6B-hydroxypolamide on acute alcohol intoxication.
Experiments were performed on white outbred mice - females weighing 20-22 g. Ethanol in the form of a
24% solution was injected intraperitoneally at a narcotic dose (4.8 g/kg). The test substances were
administered orally using an atraumatic metal probe at doses of 10-25-50 mg/kg 60-70 minutes before the
introduction of ethanol. Evaluation of the effectiveness of the compounds was determined by the duration
of the lateral position of the animals. The control group of animals under similar conditions of experience
instead of the drug was injected with sterile distilled water. The results of the research are presented in
table 2.

Table 2 — The results of the influence of drugs on the narcotic action of ethanol

No Name of preparations dose The du_ra_tlon_ of t_he lateral Effect in %
position 1 minutes

1 gfgg"l 48 ofke 110 100%
2 JSFfEtOH 12 g}ég/l/ifég 85 22,8%
3 EIEtOH 245, Snfég/ﬁég 62,7 43%
4 EIEtOH 52;}5/1/&5 63.8 42%
5 iﬁg&y}ﬁ"xyp"lamid 12 g}ég/l/ifég 724 34.2%
6 iﬁélgg(goxypolmid 24{ éi:g%k/l;g 53.9 51%
7 iﬁélgg(goxypolmid 5;)’ éi:g%k/l;g 60.5 45%

The results of the studies (table 2) showed that in the control group of animals after applying EtOH at
a dose of 4.8 g/kg in all mice came the state of anesthesia (lateral position) with an average duration of
110 minutes. Preliminary application of the SI and 6B-hydroxypolamide at doses of 10-25-50 mg/kg
shortened the state of the lateral position of the experimental mice by 22.8%-43%-42% and 34.2% -51%-
45%, respectively, compared to with a control group of animals.

Consequently, the compounds studied, depending on the dose administered, have an antitoxic effect
during acute alcohol intoxication.

Experimental. Air-dried and grinded plant material was extracted with MeOH three times at room
temperature. After filtration, the solvent was partly removed by rotary evaporation and the extract residue
was diluted with equal quantity of water. The formed precipitate in the extract was filtered. Residues of
MeOH were removed by rotary evaporation. The obtained water part of the extract was extracted in
consecutive order with CHCl; and #-BuOH. n-BuOH extract was evaporated on rotary evaporator and the
n-BuOH fraction was obtained. The n-BuOH was sct to column with silica gel and obtained several
fractions. Re-chromatography isolation of these fractions by elution with solvent systems CHCl;+MeOH:
1) 100+1; 2) 50=1; 3) 40+1; 4) 30+1; 5) 20+1; 6) 15+1; 7) 9+1 and 8) 4+1 yield the individual
compounds: 6B-hydroxypolamid 1, loganin 2, pulcheloside 3, shanshiside methyl ester 4 and florigidoside
Cs.

In order to get novel immunomodulating preparations dried acrial parts of Phlomis severtzovii were
extracted with EtOH at room temperature. EtOH extract was filtered and the solvent was removed on
rotary evaporator. The obtained extract was diluted with water and the water mixture was treated at first
with CHCl;, then with #n-BuOH five times. The solvents were removed on rotary evaporator. Yellow
powder were get in vield. Enriched SI were obtained from #-BuOH fraction by treating with the solvent
system CHCIl; - EtOH 6+1.

Conclusion. In this study, we investigated the iridoid constituent of Phlomis severtzovii growing in
Uzbekistan and for first time we have isolated known iridoids identified on basis of UV, IR, 'H and °C
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NMR spectra as 6f-hydroxypolamid 1, loganin 2, pulchelloside 3, shanshiside methyl ester 4 and
phlorigidoside C 5.

Immunostimulating activity of the sum of iridoids obtained from Phlomis severtzovii was revealed.

It was determined that the sum of iridoids and iridoid 6B-hydroxypolamide have an antitoxic effect
during acute alcohol intoxication.
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JI. Yemanos', HLIIL Pamaszanos’, Y. FOcynosa', K. JIx. KyaepGaen™

'OP FA Ocimaix 3aTIAPBIHBIH XHMUACH HHCTUTYTHI, TamIKCHT, O30CKCTaH,
2A171M31<T1>H< QNICYMETTIK-HHHOBALMAIBIK YHEBEpCHTET, LIIsMKeHT, KazakcraH;
3<<OHTYCTiK-KaSaKCTaH MemurHa akaaeMusachy AK, ITemmkenT, Kazakcran

PHLOMIS SEVERTZOVII HPUIOUATAPHI ) KOHE OJAPABIH MMYHHUTETTI
BIHTAJTAHJABIPYHIbI ’)KOHE YBITTBIJIBIKKA KAPCBHI BEJICEHALIIKTEPI

AnHoTanmmst. ©30ekcTanga ecerin Phlomis severtzovii (Lamiaceae) wep ycTi OemikrepiHeH OipiHmi per Oec
upuom raukosmaTepi Oemin amemmel YK, MK, 'H xome '°C SIMP CHEKTPOCKOMHSA KOMETriMeH omap 6f-
rugpokcunoaamun (1), morawwmu (2), mymuerosun (3), manmm3ug METHI 3pupi (4) xone gmopurnmosua C (5)
EKCHZITI aHBIKTATAbl. KOCBIMIIA HPWUAOWATAD IKBIMBIHTBIFBI JKOHE OB-THAPOKCHIIOJAMHUATHIH HMMYHHTETTI
BIHTAIAHABIPYIITBI KOHE YBITTHLUIBIKKA KAPCHI OCIICEHAIIKTEP] AaHBIKTATIIBI.

Tyiiin co3aep: Phlomis severtzovii, upuaoua, 6p-THAPOKCHIIOIAMI, JTOTAHWH, MY JHCI03H, IMAHIITH3HT MCTHIT
3¢upi, propuruao3ug C, HMMYHHTCTTI BIHTATIAHIBIPY MBI OCICCHIK, YBRITTBUTBIKKA KAPCHI OCICCHALTIK.

JI.Yemanos', HIILPamasanos', Y.FOcynosa', K. J:x.Ky4ep6aen™”

L HHCTHTYT XNMHH pacTHTCIRHBIX BemecTs AH PY3, TamkeHT, Y30¢KUCTaH,
2PernoHANBHbIH COMUATBHO-HHHOBALMOHHELH yHusepcurter, [lIsmmkeHT, Kazaxcras,
3A0 «10:xH0-Ka3axCTaHCKas MeMIMHCKAS akazeMmsy, [Isvkent, Kasaxcran

HUPUAOUABI U3 PHLOMIS SEVERTZOVII 1 UX UMMYHOCTUMYJIUPYIOIIAA
N AHTUTOKCHYECKAA AKTUBHOCTD

Annortanust. Bmepsble w3 HamzeMHBIX uvacte Phlomis severtzovii (Lamiaceae) mpowmspactaromeii B
Y30CKUCTAHE BBIICCHBI TATH PAHES M3BCCTHBIX MPHAOWAHBIX TMHKO3HAOB. Ha ocHoBe YO, UK, '"H u “C sAIMP
CIICKTPOCKOIMUH BBIACICHHBIC BCIICCTBA OBLIM HACHTH()HMIMPOBAHBI C 6f-ruapoxcumomamuaoM (1), morammn (2),
mymae/uio3nx (3), MeTmwioBbli 3up manmmsnna (4) w ¢Qumopurmaosug C (5). JIOMOTHWTCIBHO, BBIABICHBI
SHAYUTCABHAA HMMMYHOCTHMYJHPYIOIIAS W  AHTHTOKCHYCCKAS AKTUBHOCT CYMMBI HPHAOHAOB H  Of-
ruapokcunogamuaa (1).

Kmrouernie ciioBa: Phlomis severtzovii, apuaous, OB-rHIpOKCHIIONAMHAA, JOTAHHH, ITYTMCIO3H/, MCTHIOBBIH
3¢up marmmzuna, Gpraopurnaosug C, MMMy HOCTHMYIHPYIOINAS AKTHBHOCTh, AHTHTOKCHICCKHH 3((EKT.
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