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Abstract

Asystasia gangetica (L) T. Anderson var. micrantha (Acanthaceae) or commonly known as “Chinese Violet” or “rumput Israel”
in Malaysia is a rapidly growing herb usually found among short grasses and along pathways. This plant is used traditionally to
treat diabetes mellitus, ear disease and gonorrhea. Its anthelmintic activity helps to treat swelling and rheumatism. The present
study was designed to isolate and elucidate chemical constituents from A. gangetica. The methanolic extract of the A. gangetica
leaves was fractionated by using vacuum liquid chromatography (VLC) and preparative high-performance liquid chromatography
(HPLC). Selected fractions were purified by recycling HPLC and monitored by using ultra high-performance liquid
chromatography (UHPLC). The structures of isolated compounds were characterized by using various spectroscopic methods,
mainly nuclear magnetic resonance (NMR) and comparisons with previously reported data. Five phytochemical constituents
namely, salidroside (1), verbascoside (2), forsythiaside (3), 3>’-O-caffeoyl-6-O-rhamnopyranosy| catalpol (4), and 4°’-O-caffeoyl-
6-O-rhamnopyranosyl catalpol (5) were purified using recycling HPLC. Compounds 2, 3 and 5 were identified for the first time
from A. gangetica.

Keywords: acanthaceae, Asystasia gangetica, iridoid glycosides, phenylpropanoid, high-performance liquid chromatography,
nuclear magnetic resonance

Abstrak
Asystasia gangetica (L) T. Anderson var. micrantha (Acanthaceae) yang juga dikenali sebagai “Chinese Violet” atau “rumput
Israel” di Malaysia adalah herba yang mudah membiak, biasanya ditemui di kalangan rumput pendek dan sepanjang jalan.
Tumbuhan ini secara traditionalnya digunakan untuk merawat diabetes mellitus, sakit telinga dan gonorea. Keupayaan
antihemintiknya membantu merawat bengkak dan reumatik. Kajian ini diolah untuk memencilkan dan mengenalpasti sebatian aktif
daripada A. Gangetica. Ekstrak metanol daripada daun A. Gangetica difraksi menggunakan kromatografi cecair vakum (VLC) dan
penyediaan kromatografi cecair bertekanan tinggi (HPLC). Fraksi terpilih telah ditulenkan menggunakan HPLC kitar semula dan
dipantau menggunakan kromatografi cecair bertekanan tinggi ultra (UHPLC). Struktur sebatian yang dipencilkan dikenalpasti
menggunakan pelbagai teknik spektroskopi terutamanya resonan magnetik nuklear (NMR) dan perbandingan dengan data yang
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telah dilaporkan sebelumnya. Lima sebation kimia iaitu salidrosida (1), verbascosida (2), forsithiasida (3), 3’’-O-kafeoil-6-O-
rhamnopiranosil katalpol (4) dan 4’’-O-kafeoil-6-O-rhamnopiranosil katalpol (5) telah dipencilkan menggunakan HPLC
pengitaran semula. Sebatian 2, 3 dan 5 adalah dilaporkan buat pertama kali dari A. gangetica.

Kata kunci: acanthaceae, Asystasia gangetica, iridoid glikosida, fenilpropanoid, kromatografi cecair bertekanan tinggi, resonan

magnetik nuklear

Introduction

In the present study, the leaves of A. gangetica were
investigated for compounds in tropical plants of
Malaysia. The preliminary phytochemical screening of
this plant showed the presence of flavonoids, alkaloids,
glycosides, coumarins, tannins, steroids, terpenoids and
saponins [1]. Previous studies on this plant have led to
the isolation of some iridoid glycosides and flavonoids
[1-3]. Several studies have reported the bioactivities of
this plant such as antidiabetic, antiasthmatic, anti-
inflammatory activity and antioxidant [4]. In this study,
our research group attempt to isolated five compounds,
namely salidroside (1), verbascoside (2), forsythiaside
(3), 37’-O-caffeoyl-6-O-rhamnopyranosyl catalpol (4),
and 4°’-O-caffeoyl-6-O-rhamnopyranosyl catalpol (5)
from the methanol extract of the leaves of A. gangetica.
The structures of the isolated compounds were
characterized by using several spectroscopic methods
including NMR and comparisons with previously
reported data.

Materials and Methods

Chemicals and raw materials

All the chemicals used were of analytical and HPLC
grade and purchased from Sigma Chemical Co. (St
Louis, Missouri). The leaves of A. gangetica were
collected in Kapar, Klang, Selangor and were identified
by Dr Shamsul Khamis, a botanist from Universiti
Kebangsaan Malaysia (UKM), and the voucher
specimens were deposited in the Herbarium, School of
Environmental and Natural Resource Sciences, Faculty
of Science and Technology, Universiti Kebangsaan
Malaysia, Bangi, Selangor with the voucher number
UKMB40431.

Extraction and isolation

Standard procedures for extraction and isolation of pure
compounds from plant materials were used in this
research [2]. The leaves were air-dried and ground to

obtain a powdered sample (2.3 kg) and were macerated
in methanol for 24 h to extract the constituents. The
solvent was filtered and concentrated under reduced
pressure to obtain crude extract (294.2 g). The crude
extract was dissolved in 90% aqueous methanol and
subjected to liquid-liquid partition by using hexane and
ethyl acetate (EA) to obtain three major fractions. The
EA partition (62 g) and aqueous residual partition (83 g)
were further fractionated by preparative liquid
chromatography (PLC) to obtain nine smaller fraction
each. Fraction 2 of EA partition was subjected to
recycling HPLC to obtain compounds 1 (3.6 mg) and 2
(126.3 mg). Purification on fraction 3 of the residual
aqueous partition produced compounds 3, 4 and 5 (1.7,
10.2 and 6.7 mg respectively).

Purification and structure elucidation

The structural elucidation of the isolated compounds
was done by utilizing several spectroscopic methods. IR
spectra were performed on Bruker Tensor Il FT-IR,
while UV spectra were recorded on Gen-5 Microplate
Reader (Synergy HT). The *H NMR and *3C NMR were
recorded in methanol-d; on Bruker 600 Ultrashield
NMR spectrometer measured at 600 MHz for *H NMR
and 151 MHz for *C NMR. Peak multiplicities were
presented in Hz and chemical values were shown in ppm
(8). Various chromatographic techniques were used to
purify the chemical constituents. For fractionation,
liquid chromatography (VLC) was applied by using
silica gel 60, 70 — 230 mesh ASTM (Merck 1.07747).
Further fractionation was done by using semi-
preparative HPLC, while recycling HPLC was applied
for the final purification process.
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Results and Discussion

Five constituents, namely, salidroside (1), verbascoside
(2), forsythiaside (3), 3”’-0-caffeoyl-6-O-
rhamnopyranosyl catalpol (4), and 4°’-O-caffeoyl-6-O-
rhamnopyranosyl catalpol (5) were successfully isolated
from the leaves of A. gangetica. Compounds were
elucidated based on H and *C NMR spectroscopy as
well as comparison with the spectroscopic data with
values obtained from related literature. The **C and 'H
NMR data are presented in Table 1 and 2 respectively.
Salidroside (1) [5], a naturally occurring tyroside, was
obtained as a white amorphous powder. The *H NMR
showed the presence of an AA’’XX’’ aromatic ring
system, where two pairs of symmetrical protons
overlapped at 7.09 (d, J=8.4, 2H, H-2, 4) and 6.72 (d,
J=8.4, 2H, H-1, 5), followed by the signals at o4 4.06
(td, J=8.9, 6.7, 1H, H-7), 3.75 - 3.71 (m, 1H, H-7) and
dn 2.90 — 2.82 (m, 1H, H-8) which corresponded to the
5-hydroxyphenylethyl moiety. The spectrum also
displayed signals of a typical glycoside moiety at 51 4.31
(d, J=7.8, 1H, H-1""), 3.20 (dd, J=9.1, 7.9, 1H, H-2""),
3.37 (t, J=8.6, 1H, H-3""), 3.32 — 3.26 (m, 2H, H-
4°.5%),3.88 (dd, J=11.9, 2.0, 1H, H-6"") and 3.69 (dd,
J=11.9, 5.2, 1H, H-6""). Salidroside was previously
purified from the heartwood of Acer tegmentosum and it
was shown to possess analgesic and anti-gastropathy
properties [6].

Verbascoside (2) [7] was isolated as an amorphous
powder. 'H NMR showed resonances at &y 6.72 (d,
J=2.1, 1H, H-2), 6.70 (d, J=8.0, 1H, H-5), 6.59 (dd, J =
8.0, 2.0 Hz, 1H, H-6), 3.77 — 3.71 (m, 1H, H-7), 4.10 —
4.03 (m, 1H, H-7) and 2.87 — 2.75 (m, 2H, H-8) which
corresponded to the 3,4-dihydroxyphenylethyl moiety.
The signals of two trans-olefinic protons at 64 6.30 (d, J
= 15.8 Hz, 1H, H-7’) and 7.62 (d, J = 15.9 Hz, 1H, H-
8’) as well as the ABX system signals at 7.09 (d, J = 2.0
Hz, 1H, H-2"), 6.81 (d, J =8.1, 1H, H-5"), 6.98 (dd, J =
8.2, 2.1 Hz, 1H, H-6") clearly showed the presence of a
trans-caffeoyl unit. A glucose unit was observed at 8y
4.40 (d,J=7.9Hz, 1H, H-1"),4.95 (m, 1H, H-2""), 3.84
(t, J =9.2 Hz, 1H, H-3"’), 4.95 (m, 1H, H-4""), 3.60 —
3.52 (m, 2H, H-5", 6°") and 3.67 — 3.60 (m, 1H, H-6"),
while the signals at 5.21 (d, J = 1.8 Hz, 1H, H-1"""), 3.96
—-3.94 (m, 1H, H-2>"), 3.60 — 3.52 (m, 1H, H-3"""), 3.36
—-2.32 (m, 1H, H-4">"), 3.67 — 3.60 (m, 1H, H-5""") and

1.11 (d, 6.1, 3H, H-6""") belonged to thamnose. The site
of acylation was determined by HMBC correlation at
between C=0/ H-4"’, which indicated that the caffeoyl
unit was attached to C-4>’ of the glucose, while a
correlation of C-1"’/H-8 confirmed the attachment of
3,4-dihydroxyphenylethyl moiety at the anomeric
carbon. As for the rhamnose, the correlation found at C-
3”’/H-1""" confirmed the attachment at the C-3° of the
glucose. This compound was previously isolated from
Buddleja globosa leaves and was reported to possess
antimicrobial properties [8].

Forsythiaside (3) [9-10] was obtained as an orange
sticky solid. The 'H NMR signals were comparable to
those of 2. The signals for the 3,4-dihydroxyphenylethyl
were exhibited at 64 6.70 (d, J = 2.1 Hz, 1H, H-2), 6.79
(d, 3 =8.2 Hz, 1H, H-5), 6.56 (dd, J = 8.1, 2.1 Hz, 1H,
H-6) and 2.83 — 2.78 (m, 2H, H-7). The presence of
trans-caffeoyl moiety was observed at 7.06 (d, J = 2.1
Hz, 1H, H-2"), 6.66 (d, J = 8.0 Hz, 1H, H-5"), 6.92 (dd,
J=8.2,2.0Hz, 1H, H-6"), 6.32 (d, J = 15.9 Hz, 1H, H-
7°) and 7.59 (d, J = 15.8 Hz, 1H, H-8"). The signals at
81 4.36 (d, J=7.8 Hz, 1H, H-1""), 3.36 (d, J = 11.3 Hz,
1H, H-2"%),3.57 -3.53 (m, 1H, H-3""), 4.03 (dd, J = 9.6,
6.3 Hz, 1H, H-4""), 3.60 — 3.57 (m, 1H, H-5""), 4.40 —
4.37 (m, 1H, H-6"") and 4.52 (dd, J = 11.8, 2.1 Hz, 1H,
H-6"") belonged to the glucose moiety, while the signals
at5.20 (d, J=1.8 Hz, 1H, H-1°""),3.97 (dd, J = 3.4, 1.9
Hz, 1H, H-2""),3.75 -3.72 (m, 1H, H-3"""), 3.46 — 3.43
(m, 1H, H-4"""), 3.43 — 3.40 (m, 1H, H-5"""), 1.27 (d, J
= 6.2 Hz, 3H, H-6’"") indicated the presence of
rhamnose. By comparing the *H NMR data to those of
compound 2, compound 3, however, showed a
significant change at H-4>’ and H-6" signals which
shifted downfield by 0.92 and 0.87 ppm respectively.
The signal for C-3"’ also became more shielded by 6.27
ppm which indicated the loss of a glycosyl bond at this
site. The long-range correlation observed at C-5’*/H-1""’
confirmedd the attachment of rhamnose at C-6”
position of glucose. This compound was first isolated
from Forsythia suspensa [9] and was found to possess
strong antioxidant and antibacterial activity [11].
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3”’-O-caffeoyl-6-O-rhamnopyranosyl catalpol (4) [12]
was isolated as orange sticky solid. The signals observed
atén 5.11 (d, J=9.6, 1H, H-1), 6.40 (dd, J = 6.0, 1.9 Hz,
1H, H-3), 5.10 (d, J = 10.5, 1H, H-4), 2.47 — 2.39 (m,
1H, H-5), 4.05 (dd, J = 8.2, 1.1 Hz, 1H, H-6), 3.67 (s,
1H, H-7), 2.59 (dd, J = 9.7, 7.6 Hz, 1H, H-9), 3.82 (d, J
= 13.1 Hz, 1H, H-10) and 4.18 (d, J = 13.2 Hz, 1H, H-
10) indicated the presence of cyclopentan-pyran
structure ring system with a double bond between C-3
and C-4. The 'H NMR resonance at &y 4.80 (d, J = 7.9
Hz, 1H, H-1"") was assigned to the anomeric proton and
their J coupling indicated B—glucopyranose structure as
a sugar unit. The complete assignment for glucose and
rhamnose moiety is presented in Table 2. Additionally,
long-range correlations observed at C-1"’/H-1 and C-
1’”’/H-6 showed the attachment site for the sugars. After
the complete interpretation of the NMR data and
comparison of the data with those reported in the
literature were carried out, the core skeleton of 4 was
determined to be 6-O-rhamnopyranosyl catalpol (4a)
[11]. The presence of caffeoyl moiety was determined
from the presence of the signals at 61 7.09 (t, J = 2.0 Hz,
1H, H-2"), 6.81 (d, J = 8.2 Hz, 1H, H-5"), 6.99 (dd, J =
8.2, 2.1 Hz, 1H, H-6), 7.62 (d, J = 15.8 Hz, 1H, H-7")
and 6.36 (d, J = 15.8 Hz, 1H, H-8"). *H NMR chemical
shifts of the rhamnose moiety of 4 were compared to
those of 4a where the H-3” signal was seen to
significantly shift downfield by 1.49 ppm. The other
signals were comparable to those in literature. This
pattern established that the position of the caffeoyl ester
of compound 4 is at C-3” of rhamnose. Table 2 shows
the spectroscopic data (*H NMR) for compounds 4 — 5.

This compound was previously isolated from Veronica
hookeri [12] and was shown to exhibit antioxidant
properties [2].

4°°-0-caffeoyl-6-O-rhamnopyranosyl catalpol (5) [15]
was isolated as orange sticky solid. The NMR signals
showed a very close similarity to those of 4 [16].
However, in compound 5, a significant downfield shift
by 1.79 ppm was observed at H-4”, followed by upfield
shifts for H-3 and H-5”, which established that caffeoyl
esterification happened at C-4”. Signals for catalpol
iridoid was shown at 64 5.13 (d, J = 9.8, 1H, H-1), 6.41
(dd, J = 6.0, 1.8, 1H, H-3), 5.17 — 5.09 (m, 1H, H-4),
2.51 - 2.45 (m, 1H, H-5), 4.07 (dd, J = 8.2, 1.1 Hz, 1H,
H-6), 3.68 (s, 1H, H-7), 2.60 (dd, J=9.7, 7.6, 1H, H-9),
3.84(d, J=13.0 Hz, 1H, H-10) and 4.18 (d, J = 13.2 Hz,
1H, H-10). Signals for the caffeoyl moieties roused at 64
7.09 (d,J =21, 1H, H-2"), 6.81 (d, J = 8.2, 1H, H-5"),
6.99 (dd, J =8.2, 2.2, 1H, H-6), 7.66 (d, J = 15.8, 1H,
H-7") and 6.38 (d, J = 15.9, 1H, H-8"). The signals for
glucose and rhamnose moiety as well as the comparison
of 'H NMR data for compounds 4 — 5 are presented in
Table 2. This compound has been previously purified
from Verbascum thapsus [15]. To date, no literature has
been found to describe the bioactivity of the compound,
however, catalpol derivatives have been proven to
pOossess laxative, diuretic, hypoglycemic,
antihyperglycemic and immunomodulatory properties
[13, 14]. The comparison of the *C NMR for
compounds 1 —5 is tabulated in Table 1. Figure 1 shows
the structure of the compounds.

Table 1. Spectroscopic data (**C NMR) for compounds 1 —5

Compound

No. of Carbon 1 2 3 2 5

60 SC 60 60 6C
Aglycone
1 114.7 130.14 130.02 93.80 93.80
2 129.5 115.78 115.69
3 155.4 144.72 144.74 140.89 140.85
4 129.5 143.27 143.26 102.05 102.19
5 114.7 114.98 114.98 35.88 35.88
6 129.4 119.93 119.87 82.98 82.40
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Table 1 (cont’d). Spectroscopic data (*3C NMR) for compounds 1 -5

Compound
No. of Carbon 1 5 3 2 5
Sc dc ¢ ¢ ¢
7 70.7 70.87 71.02 58.13 57.92
8 35.0 35.17 35.28 65.16 65.18
9 41.91 41.89
10 60.09 60.08
Caffeoyl
r 126.30 126.30 126.36 126.47
2’ 113.92 113.71 115.15 115.12
3 145.42 145.39 148.31 148.17
4 148.38 148.24 145.43 145.76
5’ 115.19 115.16 113.87 113.95
6’ 121.86 121.75 121.71 121.54
7 113.35 145.86 146.21 145.43
8 146.66 113.45 113.46 113.79
C=0 166.96 167.75 167.33 167.51
Glucose
1 103.0 102.80 103.00 98.34 98.86
27 73.7 74.80 74.29 73.45 73.90
3” 76.7 80.30 74.03 76.31 76.30
4 76.6 69.23 69.01 70.39 70.40
5 70.3 74.62 74.02 77.23 77.24
6> 61.4 63.05 63.24 61.54 61.55
Rhamnose
1 101.64 101.32 96.38 98.33
2% 70.96 70.95 69.13 69.96
3 70.69 68.65 68.91 69.86
4> 72.42 72.61 72.81 73.45
57’ 69.04 70.87 68.90 68.97
6 17.08 16.47 16.63 16.60
Table 2. Comparison of 'H NMR data for compounds 4 — 5
No. of proton Compound
4 4a 5
Aglycone
1 5.11 (d, 9.6, 1H) 5.07 (d, 10, 1H) 5.13 (d, 9.8, 1H)
3 6.40 (dd, 6.0, 1.9, 1H) 6.35 (dd, 6, 2, 1H) 6.41 (dd, 6.0, 1.8, 1H)
4 5.10 (d, 10.5, 1H) 5.05 (dd, 6, 5, 1H) 5.17-5.09 (m,
overlapped)
5 2.47—2.39 (m, 1H) 2.38 (m, 1H) 2.51 - 2.45 (m, 1H)
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Table 2 (cont’d). Comparison of *H NMR data for compounds 4 — 5

No. of proton

Compound

4

4a

5

© o

10

Caffeoyl
I

2

3

&

5

6

7

g’

Cc=0
Glucose
1

2%

3’7
4’7

57’

67?
Rhamnose
17’9

27?9

3?9’

4?9’

5?9’

6399

4.05 (d, 8.2, 1H)

3.67 (s, 1H)

2.59 (dd, 9.7, 7.6, 1H)
3.82(d, 13.1, 1H)
4.18 (d, 13.2, 1H)

7.09 (d, 2.0, 1H)

6.81 (d, 8.2, 1H)
6.99 (dd, 8.2, 2.1, 1H)
7.62 (d, 15.8, 1H)
6.36 (d, 15.8, 1H)

4.80(d, 7.9, 1H)
3.32-3.21 (m,
overlapped)
3.42(t,9.0, 1H)
3.32-3.21 (m,
overlapped)
3.32-3.21 (m,
overlapped)
3.95(dd, J=8.9, 2.7 Hz,
1H) 3.64 (dd, J = 12.0,
6.7 Hz, 1H)

5.04 (d, 1.8, 1H)
3.93-3.91 (m, 1H)

5.16 (dd, 3.5, 1.7, 1H)
3,51 (t, 9.5, 1H)
3.79 - 3.75 (m, 1H)

1.33(d, 6.3, 3H)

3.99 (dd, 8, 2, 1H)

3.62 (d, 2, 1H)
2.54 (dd, 10, 8, 1H)

3.81 (d, 13, 1H)
4.13 (d, 13, 1H)

4.77 (d, 8, 1H)
3.25(dd, 8, 9, 1H)

3.38(t, 9, 1H)
3.24 (dd, 8, 10, 1H)

3.30 (m, 1H)

3.61 (dd, 12, 6, 1H)
3.91 (dd, 12, 2, 1H)

4.92 (d, 2, 1H)
3.84 (dd, 2, 3, 1H)

3.67 (dd, 9, 3, 1H)
3.38 (1, 9, 1H)
3.63-3.69 (m, 1H)

1.25 (d, 6, 3H)

4.07 (dd, 8.2, 1.1, 1H)

3.68 (s, 1H)

2.60 (dd, 9.7, 7.6, 1H)
3.84 (d, 13.0, 1H)
4.18 (d, 13.2, 1H)

7.09 (d, 2.1, 1H)

6.81 (d, 8.2, 1H)
6.99 (dd, 8.2, 2.2, 1H)
7.66 (d, 15.8, 1H)
6.38 (d, 15.9, 1H)

4.80(d, 7.9, 1H)
3.32-3.22 (m,
overlapped)
3.43(t, 9.1, 1H)
3.32-3.22 (m,
overlapped)
3.32-3.22 (m,
overlapped)

3.65 (dd, 12.0, 6.7, 1H)
3.95 (dd, 12.0, 2.1, 1H)

4.99 (d, 1.8, 1H)
3.74 - 3.68 (m,
overlapped)
3.74 - 3.68 (m,
overlapped)
5.17 —5.09 (m,
overlapped)
3.87-3.81 (m,
overlapped)
1.33 (d, 6.2, 3H)
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4; R =Caffeoyl, R,=H
4a; R;=R,=H
5; R=H, R,=Caffeoyl

Caffeoyl=

Rhamnose=

2; R;=Rhamnose, R,=H
3; R;=H, R,=Rhamnose

Figure 1. Structure of compounds 1 -5

Conclusion

Five known compounds, including a tyrosol derivative,
two iridoid glycosides and two phenylpropanoids have
been isolated and characterized from the methanol
extract of the leaves of A. gangetica. These compounds
include salidroside (1), verbascoside (2), forsythiaside
(3), 37’-O-caffeoyl-6-O-rhamnopyranosyl catalpol (4),
and 4’-O-caffeoyl-6-O-rhamnopyranosyl catalpol (5).
Compounds 2, 3, and 5 were identified for the first time
in A. gangetica. As previous reports found that these
types of phenolic compounds displayed diverse
pharmacological properties, further  detailed
investigation of their biological activities is
recommended.
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