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ABSTRACT. The extracts of the root of R. stricta growing wild in U.A.E.
showed an antimicrobial activity. Using chromatographic techniques
strictanol, tetrahydrosecamine, akuammidine and rhazimanine were isolated.
Their structure were elucidated using spectroscopic analysis techniques
(including MS, 'H-NMR and *>C-NMR). The antimicrobial activity of the
isolated alkaloids and their MIC were determined.

Rhazya stricta Decaisene (Apocynaceae) is a shrub with a smooth central stem and
dense semi-erect branches to 1 m but generally shorter, 50-70 cm. The plant is also
widely distributed in Western Asia and abundantly found in Pakistan.

The presence of alkaloids in Rhazya was established in 1945 (Cordell et al. 1978).
Recently, the total number of alkaloids isolated from Rhazya spp. has increased
rapidly (Evans et al. 1968, Banerji et al. 1970 and Mukhopadhyay et al. 1981).
Extensive work was carried out by Rahman et /. (1982, 1984, 1985, 1986, 1987, 1988
and 1989). Rhaizine and betaine alkaloids were identified in R. stricta growing in
Saudi Arabia (Hassan et al, 1977). Certain alkaloids of R. stricta showed anti-cancer
activity (Mukhopadhyay et al. 1981).

R. stricta is well reputed in the folk-medicine of U.A.E. for the treatment of

diabetes mellitus, skin infection and stomach troubles. Although the antimicrobial
activity of the crude extracts was reported (Elwam and Diab 1970) but little work was
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carried out to isolate the active compounds. The only antimicrobial alkaloid isolated
and characterised was stemmadenine (Mariee et al. 1988).

We were intrigued by the high broad spectrum activity of the crude extracts and
the fractions of R. stricta which indicated the presence of a number of antimicrobial
compounds. In addition, this investigation is a continuation of on-going systematic
study of medicinal plants of U.A.E. In the present paper we report the antimicrobial
activity of the crude extracts and of the active compounds and their MIC. The
structures of the active compounds were elucidated using spectroscopic techniques
(including MS, 'H-NMR and '*)C-NMR). Compounds identified are:
tetrahydrosecamine, strictanol, akuammidine and rhazimanine. This is the first report
of strictanol, rhazimanine and akuammidine from the root of Rhazya spp.
Tetrahydrosecamine was reported from the root and leaves of R. stricta and R.
orientalis of Indian origin (Mukhopadhyay et aJ. 1981) but not of Pakistani origin.

Materials and Methods

Plant material: R. stricta root used in this study was collected from Al-Ain area
(Jebel Hafeet) in March 1990. The plant was botanically authenticated and
Herbarium specimens were deposited at the National Herbarium, Desert and Marine
Environment Research Centre, United Arab Emirates University.

Preliminary extraction of R. stricta for antimicrobial studies

a. 10 g of coarsely powdered root was successively extracted with chloroform and
methanol using a soxhlet apparatus. Final concentration was adjusted to 0.1 g/ml.
The extracts were tested for their antimicrobial activity.

b. 100 g of the root was successively extracted with petroleum ether and ethanol.
The ethanol extract was evaporated, almost, to dryness; suspended in water,
acidified with 10% glacial acetic acid and extracted with chloroform to give a
chloroform extract (Fraction 1). The aqueous acidic fraction was made alkaline
using dilute NaOH solution and extracted with chloroform to give fraction 2. The
remaining aqueous alkaline phase was extracted with n-butanol to give fraction 3.
Final concentration of each extract was adjusted to 20 mg/ml. The different
fractions were tested for their antimicrobial activity.

Antimicrobial activity:

Strains of Staphylococcus aureus (CCM 2107), Bacillus subtilis (DSM 347),
Escherichia coli (NCTC 9001), Pseudomonas aeruginosa (NCTC 10332), Candida
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albicans (Laboratory isolate), Aspergillus terreus (Laboratory isolate) and A. flavus
(Laboratory isolate) were used in this study. The bacteria and fungi were prepared
and diluted to contain 10° cells per ml for bacteria and 10° spores per ml for fungi.

Antimicrobial activity was determined by Reeves’ modified method (1989). The
cup was gently filled with 0.2 ml of the plant extract. Triplicates for each extract were
carried out and the mean diameter of the inhibition zones was calculated. Solvents
used to dissolve or to suspend extracts were used as control. For pure compounds 5
mg/ml concentration was used as stock solution.

Determination of minimum inhibitory concentration (MIC):

MIC was determined using the method described by Mariee et al. (1988).
Different concentrations of the compounds were prepared from the stock solution by
serial dilution and were used for MIC determination. 0.1 ml of the solution was used
for the test.

Large scale extraction of R. stricta root:

Powdered root (3 kg) was successively extracted with petroleum ether, chloroform
and ethanol using a soxhlet extraction apparatus to give a petroleum ether extract
(9.20 g), a chloroform extract (166.50 g) and an alcohol extract 127.90 g).

The chloroform was evaporated almost to dryness in vacuo and the residue was
suspended in 10% glacial acetic acid (250 ml) and extracted with chloroform to yield
weakly basic alkaloids and neutral compounds (Fraction A). The remaining aqueous
layer was basified using dilute NaOH and pH was adjusted to 9-11. The alkaline
aqueous layer was extracted with chloroform to give the chloroform extract (Fraction
B, 14.20 g).

Column chromatography of fraction A

Fraction A (30.0 g) was chromatographed using a silica gel column (350 g silica gel,
particle size 0.2-0.5 mm and column dimensions were 5 cm (ID) X 160 cm). Elution
being carried out with hexane and hexane-chloroform mixtures of increasing polarity.

Fractions 51-72 eluted with 30% chloroform in hexane gave a major non-absorbing
UV compound (1.02 g). It gave a pink colour with sulphuric acid spray reagent. The
compound was purified using a neutral alumina column (35 g). The purified
compound (73 mg) was identified as sitosterol on the basis of cochromatography on
TLC, IR and MS.

Elution of the column with 7.5% methanol in chloroform gave a mixture of two
major compounds (0.60 g). The mixture was purified on a small neutral alumnia
column (30 g. neutral alumina, Aldrich, mesh 150; column dimensions 2Xx32 cm).
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IR (HCCL;) v max: 3460, 3170, 2980-2840, 1675, 1620, 1360, 760, and 720 cm ™. UV
(MeOH) A max :225, 280 sh and 290 nm.

MS (EI) m/z (rel.int) : 298(33), 282(24), 281(100), 269(6), 255(4), 241(4), 172(5),
159(4), 158(3), 156(4), 146(6), 144(6), 143(3), 138(5), 130(5), 126(5), 124(8), 110(5),
108(3), 96(4) and 77(3).

'H-NMR (CDCl; + CD;0D) & : 0.94 (t, 3 H, J ;515 = 7.5 Hz, H-18), 1.38 (q, 2 H,
Jyo.18 = 7.3 Hz, H-19), 1.62 (m, 1 H, H-17 «), 1.78 (m, 2 H, H-16), 1.85 (m, 1 H, H-17
B),1.92 (m, 1 H, H-14 B), 2.28 (m, 1 H, H-15 «), 2.45 (m, 1 H,H-6 «), 2.50 (m, 1 H,
H-14 «), 2.78 (m, 1 H, H-6 B), 3.06(d, 1 H, 514215 = 12.3 Hz, H-21 &), 3.30(m, 2 H,
H-5),3.38 (d, 1 H, T 3,4 = 7.7 Hz, H-3 0, 3.63 (d, 1 H, Jy5. 15 « = 12.2 Hz, H-21),
3.76 (d, 1 H, J3 .4 = 8.6 Hz, H-3B), 6.78 (d, 1 H, I}, ;1 = 7.9, H-12), 6.90 (split dd, 1
H, 110’9 = 73, JlO,ll = 73, J10,12 <1 HZ, H-lO), 7.2 (Spllt dd, 1 H, Jn‘]o = 75, J11,12 =
7.7, Jue < 1 Hz, H-11), 7.30 (d, 1 H, J 4,5 = 7.3 Hz, H-9).

BC-NMR (see Table 3).

Compound 3 eluted on using 20% methanol in ethyl acetate (33 mg) gave a pink
colour with ceric sulphate Ry = 0.66 on using silica plates and butanol: acetic acid:
water (7:2:2) as a solvent system.

IR v max (KBr) : 3420, 3220, 2960-2840, 1730, 1460, 1380, 1330, 1200, 1175 and 750
-1
cm™ .

UV Amax (MeOH): 225, 270, 282 and 295 nm.

MS (EI) m/ z (rel. int.): 681 (M+1)(36), 680(4), 256(4), 150(1), 149(25), 131(23),
127(11), 126(100), 75(13), 74(10), 61(33) and 56 (24).

'HNMR (CDCls, 270 MHZ): § 0.98-0.81 (m, 6 H, CH3), 2.0-3.5 (m, 35 H, CH, and
CH), 3.67 (s, 3 H, COOCH,), 3.82 (s, 3 H,COOCHj;), 4.30 (br m, 1 H, H-16),
6.35-7.96 (m, 8 H, aromatic), 9.67 (br s, 1 H indole NH).

Column chromatography of fraction B

Fraction B (13.8 g) was chromatographed using a silica gel column (250 g, particle
size 0.2-0.5; column dimensions were 0.5 X 150 cm). The column was first eluted with
2 litres of each of the following solvents: hexane, 20% dichloromethane in hexane,
40% dichloromethane in hexane, 60% dichloromethane in hexane and chloroform.
The eluent was then progressively changed to increasing polar mixtures of chloroform
and methanol.
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Compound 4: Elution of the column with 2.5% methanol in chloroform (Fraction
58-67) gave a morphous powder which was crystallised from a mixture of chloroform
and methanol (155 mg, mp 240-2). It gave a blue colour with ceric sulphate and a
positive alkaloid reaction with Dragendorff’s reagent R¢ = 0.41 in 10% methanol in
chloroform.

IR {nujol mull) v max: 3510, 3270, 1720, 1460, 1430, 1380, 1350. 1320, 1300, 1220,
1100, 1080, 1060, 1030, 1000, 850, 770 and 730 cm™'.

UV (CH; OH) Apax :228, 277 and 290 nm.

MS (EI) m/z (rel.int.): 353(M+1) (23), 352(100), 351(45), 337(18), 335(10), 322(12),
321(42), 293(17), 250(17), 249(58), 236(19), 235(10), 221(8), 183(6), 182(12), 170(9),
169(44), 168(31), 167(8), 156(10), 154(7), 130(5), 129(7) and 115(7).

1I'HQM}{ (CDC13 270 MHZ) 5:1.66 (Spllt ld, 3 H, J18.l9 = 68, J18,21m = 118,21[‘: =2 HZ,
18-CH3), 1.88 (m, 1=H, Jy40 3 = 9.50, J14a 15 = 1Hz, H-14 @), 2.65 (m, 1 H, J14B ;140
= 13.0, Jips = 1.0, Jiapus = 2.34, H-14 B), 2.86 (m, 1 H, H-6 B), 2.95 (5,3
H,17-COOCH;), 3.17 (m, 1H, J;5 140 = 2.75, Jy5.14 = 1.0 Hz, H-15), 3.35 (m, 1 H,
Joasp = 16.6, Joq 5 = 3.1 Hz,H-6ar), 3.52 (m, 1 H, H-21 o), 3.56 (m, 1 H, H-21 B),
3.65(d, 1 H, Jy74,17 = 10.1 Hz, H-17 «), 3.78 (d,1 H, Jy7p 17, = 10.1 Hz, H-17), 4.20
(dd, 1 H, J3,14°, = 95, ‘]3,14B = 1.0 HZ, H'3), 542(Spllt quartet, 1 H, J19,18 = 70,
J19,21a = J19’21B = J19,15 =1.0 HZ, H'lg), 7.03 (ddd, 1 H, J10,9 = 775, J10,11 = 72,
Jioa2 = 1.1 Hz, H-10), 7.1 (ddd, 1 H, J1;.12 = 8.1J;, 10 = 7.1, J19 = 1.3 Hz, H-11),
7.28 (dd, 1 H, Jyz11 = 7.3, T1a10 = 1.0 Hz, H-12), 7.4 (dd, 1 H, Jg 10 = 7.2 Jg 1 = 1.0
Hz, H-9), 9.4 (s, 1 H, NH).

Compound 5: TLC analysis of fraction (74-87) eluted with 2.5% and 5% methanol
in chloroform showed the presence of a major alkaloidal compound. The fractions
were combined and taken to dryness in vacuo (0.61 g). The major constituent was
purified using a neutral alumina column (30 g). Elution was carried out using
chloroform and 2.5% methanol in chloroform (1.5 L each). The isolated compound
(25 mg) gave a brownish green colour with ceric sulphate spray reagent. R¢ = 0.30 on
using 10% methanol in chloroform and silica gel plates.

IR v max (KBr): 3450-3220, 3000-2860, 1730, 1600, 1160 and 750 cm '

UV Amax (MeOH): 220, 270 sh, 275 sh, 285 and 290 nm.

MS(EI) m/z (rel.Int): 355(M+1) (33), 354(100), 353(70), 339(6), 337(5),
323(27),252(38), 251(92), 250(14), 249(28), 237(13), 223(14), 221(7), 184(8), 170(20),
169(31), 156(15), 144(10) and 143(7).
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'H-NMR (CDCl,, 270 MHz) &: 1.64 (m, 3 H, J;5,0 = 6.8, Hz, ;9515 = 1.2 Hz,
Jig216 = 1.2 Hz), 2.0 (br m, 1 H, H-14 «), 2.18 (m, 1 H, H-14 B), 2.50 (m, 1 H, H-16),
2.63 (ddd, 1 H, ‘]5(!,5[3 =154 HZ, J50t.60t =4.6 I‘IZ7 JS&,GB =72 HZ, H-5 (X), 2.96 (m, 1 H,
H-5 B), 3.02 (br d, T H, Jy1p210 =11.4 Jiygis= 2 Hz, H21 B), 3.11 (m, 1 H, H-15),
3.20 (m, 1 H, H-6 B), 3.35 (ddd, 1 H, J6c(,6[3 =148 HZ, J50($6ct = 51, Jéa,5B =1.5 HZ,
H-60), 3.48 (m, 1H, H-17), 3.52 (m, 1 H, H-21 &), 3.56 (m, 1 H, H-17), 3.81 (s, 3 H.
COOCHs), 4.24 (brs, 1 H, H-3), 5.6 (split quartet, 1 H, J19,18 = 6.8 Hz, J 95, =
J19,21|3 == J19)15< 1 HZ, H-lg), 7.12 (ddd, 1 H, J10,9 =76 HZ, J10,11 =73 Hz J10,12 =
1Hz, H-10), 7.16 (ddd,1 H, J;; 1o = 7.5, Hz, J;; 10 = 6.0 Hz J}; ¢ = 1.5Hz,H-11),7.39
(dd, 1 H,J1511 =7.5J12,10 = 1Hz, H-12), 7.45 (dd, 1 H, Jo 10 = 7.5 Hz, Jo11 =1.5Hz,
H-9), 8.70 (s,1 H, NH)

I3C-.NMR : see Table 3.

Results and Discussion

In this study the root of R. stricta growing in United Arab Emirates was
investigated for its chemical constituents and for antimicrobial activity. The root was
successively extracted with chloroform and methanol and the extracts were tested for
their antimicrobial activity (see Table 1). The chloroform and methanol extracts
exhibited a high antimicrobial activity against some bacteria and fungi.

To study the nature of the active compound(s) the extract of R. stricta was
fractionated into weakly basic and neutral compounds (Fraction 1), strongly basic
alkaloids (Fraction 2) and polar compounds (Fraction 3) and the water soluble
compounds. It is interesting to note that fraction 1,2 and 3 showed a strong broad
spectrum activity against the tested microbes and a positive colour reaction for
alkaloids with Dragendorff’s reagent.

Table 1. Antimicrobial activity of the extracts and fractions of Rhazya stricta root

Mean diameter of inhibition zone in mm.

T of extract -
e S. aureus|B. subtilis| E. Coli | P. aeruginosa| A. terrus|A. flavus|C.albicans

Chloroform 30 23 - = 34 - 20
Methanol 25 32 = = 36 - 16
Fraction 1 14 21 15 20 13 20 15
Fraction 2 15 23 12 20 13 21 16

Fraction 3 25 28 21 22 23 21 20
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The extract of R. stricta root was chromatographed using a silica gel column and a
number of compounds were isolated, purified and characterised. UV spectrum of
compound 2 is of a hydroxyindolenine system showing A . at 225, 280 and 290 nm.
IR spectrum indicated the presence of - OH and C = N stretching vibrations at 3170
and 1675 cm™', respectively. The mass spectrum afforded a [M]* at m/z 298
corresponding to C;g Hyg N, O. The *H-NMR spectrum showed the methyl (C-18 H)
as a triplet at & 0.94. The adjacent methylene protons (C-19H) resonated as a quartet
at 0 1.38. The C-21 protons resonated as an AB quartet at 8 3.06 and 3.63 with Jg.r,
12.2 Hz. The *C-NMR spectrum showed that the C-2 quaternary carbon resonated at
d 146.4. The downfield signal at & 89.75 was assigned to C-7. The three downfield
methylene carbons were assigned to C-3, C-5 and C-21. These data are in accord with
those reported for strictanol (Evans et al. 1968).

The mass spectrum of compound 3 showed a molecular ion at M™ 680
corresponding to Cyp Hsy N4 O, The base peak of the spectrum is at m/z 126 (Cg Hie
N), characteristic of the tetrahydrosecamine system containing a saturated
3-ethylpiperidene ring (Rahman and Malik 1987). The 'H-NMR spectrum showed the
presence of two overlapping triplets in the region 0.83-0.93 (J = 7.3 Hz, 2X CH, -
CH;) which were assigned to the Cjg and C;g" methyl protons. It also establishes the
presence of two-COOCH; groups. >*C-NMR spectrum was obtained but the multiple
signals in the broad band spectrum for many of the carbon atoms, presumably on
account of conformational mobility, prevented unambiguous assignments. A similar
doubling of signals has been previously reported in such type of compounds
(Rahman and Khurshid 1988). These data are in accord with those reported for
tetrahydrosecamine as the “narrow” isomer, having the two carbomethoxy groups in
cis positions to each other at C-16 and at C-16’. (Mukhopadhyay et al. 1981,
Verpoorte et al. 1983). This is the first report of tetrahydrosecamine from the root of
R. stricta. It was isolated before from the leaves of the plant and shown to have a
cytotoxic activity against Eagle’s KB carcinoma of the nasopharynx in cell culture
(Mukhopadhyay et al. 1981).

The mass spectrum of compound 4 showed a molecular ion at M* 352
corresponding to C,; Hpy N, Oj. It exhibits UV absorption characteristic of a
2,3-disubstituted indole chromophore. Its IR spectrum shows bands for NH, OH and
unconjugated ester function. The "H-NMR spectrum of the alkaloid establishes the
presence of a COOCHj; group, a hydroxymethyl function attached to a quaternary
carbon, an ethylidine methyl side chain, an NH and four aromatic protones associated
with the indole chromophore. Based on these spectral data and on '>*C-NMR data the
akuammidine structure was assigned to the alkaloid (Yousif et al. 1983).

IR spectrum of compound 5 indicated the presence of an ester carbon (1730 cm™?),
OH and NH groups (3450-3220 cm™'). The absence of characteristic
Wenkert-Bohlmann bands in the region of 2700-2800 cm ™" indicated the presence of a
cis-quinolizidine system (Rahman et aj. 1986) as did the downfield signal at & 4.24 in
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the *H- NMR spectrum assigned to H-3. Its mass spectrum indicated that the M* at
m/z 354 leading to the molecular formula Cy; H,s Ny O;. "H-NMR showed the
presence of a multiplet for the ethylidine methyl at 8 1.64 exhibiting a vicinal coupling
with H-19 and homoallylic coupling with H-21 « and H-21 B. The methylene protons
of the primary alcoholic group appeared as two multiplets at 3.48 and 3.56. »>*C-NMR
showed upfield values for C-2, C-3, C-5, C-6 and C-7 (see Table 3). Based on the
above data and on 2DNMR (COSY) and DEPT experiments the structure of
compound 5 is elucidated to be rhazimanine.

The isolated alkaloids (3,4 and S) were tested for their antimicrobial activity and
their MIC was determined (Table 2). Tetrahydrosecamine exhibited a high broad
spectrum activity (except for E. coli) and the lowest activity was observed for
akuammidine. Strictanol showed the highest activity against E. colj and P. aeruginosa.

Table 2. Showing the inhibition zones and MIC of the alkaloids isolated from Rhazya stricta root

Mean diameter of
. Inhibition Zone (mm) MIC (mg/ml)
Test Organism

2 3 4 5 2 3 4 5
Bacillus subtilis 9 22 0 0 1 0.2 - -
Staphyllococcus aureus 10 16 0 8 1 0.5 = 2
Escherichia coli 15 0 0 10 0.5 s - 2
Pseudomonas aerugimosa 14 12 9 12 0.5 5 2 1
Candida albicans 12 23 0 18 1 0.1 - 0.2
Aspergillus flavus 11 12 0 10 1 0.1 - 1
Apergillus terreus 9 8 0 0 1 0.1 - =

2 = Strictanol; 3 = Tetrahydrosecamine; 4 = Akuammidine; 5 = Rhazimanine.
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Table 3. "C-NMR spectrum of compound 2,4,5

Chemical shifts in & (ppm)

Carbon Strictanol Akuammidine Rhazimanine

number @ @) (5)
2 146.4 136.9 133.9
3 60.6 50.7 52.7
5 57.1 57.9 51.3
6 311 24.5 17.6
7 89.8 105.4 107.7
8 101.5 126.8 127.7
9 123.4 117.9 117.9
10 121.3 119.0 119.5
11 130.5 121.3 121.5
12 110.9 111.1 111.3
13 130.9 136.6 136.2
14 19.9 29.1 30.2
15 28.9 29.2 32.6
16 30.9 49.1 49.6
17 38.5 68.3 62.1
18 6.9 12.9 13.3
19 34.6 117.3 123.4
20 32.2 137.3 133.5
21 63.1 55.3 52.3
22 - 174.1 175.6

COOMe - 50.7 52.1
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